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O (^'^) Abstract: 'Ihis invention relates to growth hormone releasing &ctor (GRF) derivatives. In particular, this invention relates to 
^ GRF peptide derivatives having an extended in vivo half-life, for piomoting the endogenous production or release of growth honnone 
^ in humans and animals. 
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Long lasting growth hoimone releasing &ctor derivatives 



FIELD OF INVENTION 
5 Hus invention relates to gtowHi hormone releasing factor (GRF) derivatives. 

In particular, this invention relates to GRF peptide derivatives having an extended in viva 
half-life, for promoting Ifae endogenous production or release of growth hormone in 
humans and animals. 

10 BACKGROUND OF THE INVENTION 

Growth hormone (GH), also known as somatotropin, is a protein hormone of 
about 190 amino acids synthesized and secreted by cells called somatotrophs in Ihe 
anterior pituitary. It is a major participant in control of growth and metabolism. It is also 
of considerable interest as a pharmaceutical product for use in bo& humans and animal^, 

15 The production of GH is modulated by many Actors, iocluding stress^ nutrition^ sleep and 
GH itself However, its primary controllers are t\vo hypothalamic hormones: 

- the growth hormone-releasing &ctor (GRF or GHSH), a 44 amino acid sequence 
that stimulates the synthesis arid secretion of GH and; 

- somatostatin (SS), which inhibits GH release in response to GRF. 

20 

It has be^ shown that the biological activity of GRF (1-44) resides in Ihe N- 
tBiminal portion of the pq^tide. Full intrinsic activity and potency was also demonstrated 
with GRF (1-29) both in vitro and in vivo, Furfiiermore^ sustained admimstration of GRF 
induces the same episodic secretory pattem of GH fiom the pituitary gland as imder 

25 normal physiological conditions. Synthetic peptides such as growth hoimone releasing 
pq>tide (GHRP) as well as peptidomimetics recently developed by Mexck and other 
pharmaceutical companies have demonstrated their capability for stimulating the release 
of endogenous GH. Another analog a trisubstituted GRF1.29 developed by Hoffinann-La 
Roche in the mid-80*s, [des-amino-Tyr^ J)-Ala^^a^^J-GRFi-29, is a GRF superagonist 

3 0 with a prolonged duration of action. 
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GH secretagogues (GHSs) are known to stimxilate the release of GH fcom the 
pituitary through an oiphan G-protein-coupled receptor (GHS-R). Recently, another 
endogenous Kgand for GHS-R was identified as ghrelin. It is an octanoylated (28-residue 
peptide with the n-octanoyl at Ser^) peptide. 

5 

Recombinant GH (rGH) was first produced in 1985 and is now commercially 
available for both medical and veterinaiy uses. However, the long-term safety of tGH has 
not yet been determined Fuither, several side effects resulting from the use of iGH in 
human have been reported, i.e., left ventricular mass index, an tacrease in serum 
10 lipoprotein, and a subtle change in immune parameters. Finally, firequent bolus injections 
of rGH are known to cause a progressive down-regulation of receptors, and thus to a 
decrease of its eflScacy over time. 

I 

Besides these practical drawbacks, exogenous GH is species-specific, which 
15 limits its advantages in enhancing growth and other beneficial effects in different species, 
i.e. humans and animals. Small quantities of GRF have been found to cause substantial 
pituitary release of GH into the blood of treated animals. Thus GRF has great therapeutic 
utility in those instances where growth hormone is indicated. For example, it may be 
used in the treatment of hypopituitary dwarfism, diabetes due to GH production 
20 abnormalities, and retardation of the aging process. Many o&er diseases or conditions 
benefiting fix)m endogenous production or release of GRF are enumerated below. 
Further, GRF is usefiil in the field of agriculture. Examples of agricultural uses include 
enhanced meat production of pigs, cattle or the like to permit earlier marketing. GRF is 
also known to stimulate milk production in dairy cows. 

25 

Up to now, a major drawback associated with the use of peptide-related GH 
secretagogues is the lack of a suitable technology capable of providing a substantially 
linear and sustained delivery of GH over prolonged periods of time, e.g., several days to 
weeks. 

30 

GRF (1-29), like many otiier peptides possessing therapeutic propalies, is 
highly unstable m vivo, which significantly limits its use as pharmaceutical product to 
promote the release of GH in humans and animals. Because ftie half-life of GRF 1-29 
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generally does not exceed 10-13 minutes, it has to be injected in bolus several times a day 
or infused to be able to sustain measmable GH telease. 

Significant research eflforts have been deployed over the past several years to 
5 develop long-acting analogs of GRF. Althougji several new analogs wifli improved 
duration of action have been synthesized, none of them meets the criteria that are required 
for GH-releasing drugs. Furfliermore, no formulation is known to releasing such unstable 
peptides over a defined period of time in animals or humans. 

10 US 5,846,936 discloses GRF analogs that are said to have enhanced potency, 

increased enzyme stability and improved half-life stabiUty. The patent mentions that the 
analogs can be admindstered with various adjuvants such as serum albumin. The only 
half-Ufe stability results presented m the patent are in vitro. There is no data on the actual 
stability of the peptides in vivo, 

15 

us 4,963,529 describes a GRF composition, either in the solid or liquid form, 
comprising GRF and human serum albumin or glycine. The composition may also 
contain a buffer, and is said to stabilize GRF. 



2 0 WO 9724445 discloses the fiision of a growth hormone (hGH) with a molecule 

of recombinant albumia Such fusion protein is said to have an increased circulatory half- 
life over unfused growth hormone. A linker, optionally cleavable, may be inserted 
between the molecule of albunoin and the growth hormone, to &cilitate binding of the 
hGH to the receptor. 

25 

WO 0069900 discloses a method for the production of peptidase-stabiKzed 
peptides. A series of GRF peptides are listed as potential candidates that can be stabflized 
according to the mediod disclosed in Ibis application, but none of fhem axe specifically 
exemplified in &e description. 

30 

There is therefore a great need to develop a long-lasting compound capable of 
promoting the release of GH in a subject, animal or human. Such promotion should 
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preferably be sustained over an extended period of time without the undesirable side 
effects of rOa 

SUMMARY OF THE BWENTION 
5 In accordance with the present invention, there is now provided a growth 

honmone releasing fiictor (GRF) deri^vative having an extended m vivo half-life when 

compared to the corresponding unmodified (or native) GRF peptide secpience. More 

specifically, the derivative comprises a GRF peptide or an analog thereof comprising a 

reactive entity coupled theteto and c^>able of reacting with available fimctionalities on a 

10 blood component, eith^ in vivo or ex vivo, to fonn a stable covalent bond. The reactive 

entity may be coupled to the N-teraunal of the peptide, the C-tenninal of the peptide, or to 

any other available site along the pqitidic chain. 

Preferred blood components comprise proteins such as iamiunoglobulins, 
15 including IgG and IgM, semm albumin, ferritin, steroid binding protems, tiansfenin, 
thyroxin binding protein, a-2-macioglobulin etc., serum albumin and IgG being more 
preferred, and serum albumin being flie most preferred. 

Preferred reactive entities are capable of forming a covalent bond with the 
2 0 blood component by reacting with amino groups, hydroxy groups or thiol groiq>s present 
thereon, either in vivo or in vitro (or ex vivo). In a most prefened embodiment, the 
fimctionaUty on the protein will be a thiol group and the reactive entity will be a Michael 
acceptor, such as acrolein derivatives> a,|J-unsaturated ketones, a,p-unsaturated esters, 
a,P-unsatinated amides, a,p-unsaturated thioestacs> and the like, maleimide or 
25 maleunido-containing groiq) such as y-rnalefanide-butyrylamide (GMBA) or 
maleunidopropiooic acid (MPA) being the most preferred. 
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Ih another aspect of the invention, thete is provided a pharmaceutical 
composition comprising the pre^t GRF derivative in combination with a 
phannaceutically acceptable carrier. Such composition is usefid for the promotion of 
5 endogenous GH production or release in a subject Tlie composition may also be used for 
the manu&cture of pharmaceutica] or veterinary compositions for treating or preventing 
diseases or conditions resulting fiom GH production abnormalities. A list of such 
diseases or conditions appears below. 

10 In a further embodiment of the present invention, tiiere is provided a method 

for promoting the endogenous production or release of GH in a subject, animal or human. 
Hie method comprises administering to the subject, an efifective amount of the present 
GRF derivative, alone or in combination with a pharmaceutical carrier. 

15 Li a fiirther embodiment of the present invention, there is provided a method 

£Dr treating or preventing diseases or conditions resulting fiom GH production 
abnormalities, comprising administering to die subject, an effective amount of the present 
GRF derivative, alone or in combinatioh with a pharmaceutical carrier. 

20 lu a fiirther aspect of the present invention, there is provided a conjugate 

comprising die present GRF derivative dovalentiy bonded to a blood component 

bi a further aspect of Hie present invention, there is provided a method for 
extending the in vivo half-life of a GRF peptide in a subject, the method comprising 
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covalently bonding the present GRF derivative to a blood component. The covalent 

bonding take place in vivo or in vitro. 

i 

Preferred GRF are peptides such as GRF (1-44) and analogs thereof such as 
5 GHRP-6, Hexaielin, Ghidin, GHRP-1, IGF-1, IGF-2, B.HT920, GRF (1-29), and 
analogs and fiagments thereof, as enumerated below, provided that such any analog or 
fiagment possesses activity substantially similar to that of GRF. US 4,411,890; US 
4,517,181; US 4,518,586; US 4,528,190; US 4,529,595; US 4,563,352; US 4,585,756; 
US 4,595,676; US 4,605,643; US 4,610,976; US 4,626,523; US 4,628,043; US 
10 4,689,318; US 4,734,399; US 4,784,987; US 4,843,064; US 5,756,458; EP 0 188 214; 
WO 89/07110; WO 89/07111 and WO 93/04081, all of which being hereby incorporated 
by reference, provide additional GRF analogs suitable for derivatization in accordance 
with the present invention. 

15 If a linking group is present between the reactive entity and the GRF peptide, it 

is preferably defined as, without limitation, a straight or branched Ci.io alkyi; a straight or 
branched Cmo alkj4 partly or perfluorinated; a Ci-io alkyl or fluoroalkyl wherein one or 
more carbon atom is replaced widi O or S to form an e to or a ^oether, for example, -Z- 
CH2CH2-, -Z-CF2CH2-, -Z-CH2CF2- or -Z<3F2-CF2- whaein Z is O or S; o-, m- or p- 

20 disubstrtoted phenyl whecein the substimerits are the same or dif^^ 0,S, 
NH, NR wherein R is H, Cmo alM or Cmo acyl; or disubstituted heterocycles such as 
fiiran, thiophene, pyran, oxazole, or Ihiazole. 

IN THE DRAWINGS 
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Figuie 1 illustrates GH secretion from rat aDterior primary cells following a four 
hours incubation with commercial GRF(l-29).and the compounds of Examples 1 and 2 at 
various concentrations. 

Figure 2 illustrates GH secretion from rat anterior primary cells following a four 
hours incubation with commeicial I>iAla-GBP(l-29) and the compounds of Examples 3 
and 4 at various concraitrations. 

Figure 3 illustrates GH secretion from rat anterior primary cells following a four 
hours incubation with the compounds of Examples 5 and 6 at various concentrations. 

Figure 4 illustrates GH secretion from rat anterior primary cells following a four 
hours incubation with the compounds of Examples 7 and 8 at various concentrations. 

Figure S illustrates GH secretion in normal Sprague-Dawley rats following a 
single subcutaneous bolus injectian of the compounds of Examples 1 and 2. 

Figure 6 illustrates GH secretion in normal Sprague-Dawley rats following a 
sin^e subcutaneous bolus injection of the compounds of Exanqiles 3 and 4. 

Figure 7 illustrates GH secretion in normal Sprague-Dawley rats following a 
single subcutaneous bolus injection of ibe compounds of Examples 5 and 6. 

Figure 8 illustrates GH secretion (Total Area Under the curv^, AUG) in normal 
Sprague-Dawley rats following a single subcutaneous bolus injection. 

Figure 9 illustrates the pharmacokinetic profiles of the compounds of Examples 5 
and 6 in male Spr^e-Dawley rats. 

DETAILED DESCRIPTION OF THE INVENTION 

In vivo bioconjugation is the process of covalently bonding a molecule, such as 

flie present GRF derivative, within the body, to target blood companents, preferably 

proteins, in a manner feat permits the substantial retention of the biological activity of the 
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original umnodffied GRF therein, while providing an extended dmafiQn of the biological 
activxt/ though giving the GRF derivative the biophysical parameters of the target blood 
component 



5 For the purposes of the present invention, die term "'analog" is meant to include 

amino acid sequences comprising peptides with different amino acid sequences finom the 
native GRF sequence but with similar or comparable activity. Such analogs pieferably 
have an amino add sequoice at least 60%, and more preferably at least 80%, and most 
preferably at least 95% the same as &at of either GRF or a fragment of GRF havmg the 
10 same number of amino acid residues. 

hi a more preferred embodunent, flie present GRF derivative comprises a GRF 
peptide that has been modified by coupling thereto a reactive entity, either directly or via a 
linkmg group, the reactive entity being capable of forming a covalent bond with a blood 

15 componenl; preferably blood proteins: The reactive entity must be stable in an aqueous 
environment, and preferred embodiments thereof comprise carfooxy group, a phosphor^ 
group, an imidate group, or an acyl group either as an ester or a mixed anhydride. The 
covalent bond is ^necally formed between the reactive entity and an amino group, a 
hydroxy group, or a thiol group on the blood component. The amino group preferably 

2 0 forms a covalent bond with reactive ^itities like caiboxy, phosphoryl or acyl; flie hydroxy 
groiq) prefoably forms a covalent bond with reactive entities Vk& activated est^; and the 
thiol ffowp preferably forms a covalent bond with reactive entities like esters or mixed 
anhydrides. The preferred blood component comprises mobile blood components like 
serum albumin, immunoglobulins, or conibinations tiiereot and the preferred reactive 
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entity comprises axihydrides like malebnide groups. In a most piefeired embodiment, the 
blood conQ)onent is serum albumin. 

Tbe blood components are preferably mobile, which means tiiat they do not 
5 have a jBxed situs for any e>ctended period of thne, generally not exceeding S minutes, and 
more usually one minute. These blood components are not membrane-associated and are 
present in the blood for extended periods of time in a minimum concentration of at least 
0.1 )xg^ml. Preferred mobile blood components inchide serum albumin* transferrin, 
f^tin and immunoglobulins such as IgM and IgCr. The half-life of mobile blood 
10 components is at least about 12 hours. 

i 

Because Ifae present GRF derivative comprises a peptide, protective groups 
may be required during the synthesis process of the derivative. These protective groups 
are conventional in the field of peptide synthesis, and can be generically described as 

15 chemical moieties capable of protecting the peptide derivative fit>m reacting with itself. 
Various protective groups are available commercially, and examples thereof can be found 
in US 5,493,007 which is hereby incorporated hy reference. Typical examples of suitable 
protective groups include acetyl fluorenylmethyloxycarbonyl (FMOC), t- 
butyioxycarbonyl (BOC), benzyioxycarbonjl (CBZ), etc. Table 1 provides both the three 

20 letter and one letter abbreviations for an[uno acids. 
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TABLE 1 



NATURAL AMINO ACIDS AND THEIR ABBREVIATIONS 


Name 


3-letter 
abbreviation 


abbieviation 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Cysteine 


Cys 


C 


Glutaioic acid 


Glu 


E 


Glutamine 


Gin 


Q 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


ne 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


• Ser 


S 


Thteonine 


Tbr 


T 


Tzyptophan 


Tip 


W 


Tyiosine 


1^ 


y 


Valine 


Val 


V 



The present GRF derivative forms a peptidase-stabilized long lasting 
5 compound afiier conjugation to a blood component It is also contemplated that one or 
more additional amino acids may be added to the peptide prior to addition of the reactive 
entity, to facilitate the coupling thereof to the peptide. Such addition may be made at the 
C4emiinal, the N4emnnal, or tberebetweeiL The thus obteined peptide derivative may be 
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administered to a subject, animal or human, such that conjugation with blood components 
occuis in vivo, or they may be first conjugated to blood components of the subject, animal 
or human, in vitro, and the resulting conjugate, or long lasting peptidase-stabiHzed 
p^tide derivative as defined below, administered to the subject 

5 

Any ^onino add, present; substituted with or added to, flie GRF sequence, may 
be D-amino acids or L-amino acids or combinations thereof. L-amino acids are generally 
preferred. The Mowing substitutions or mutations witiiin the native GRF. peptide 
sequence (1-29) or (1-44) represent preferred embodiments of the invention, either 
10 independently or in combinations: D-alanine at position 2; glutamine at position 8; D- 
aiginine at position 11; (N-Me)Lys at position 12; alanine at position IS; and leucine at 
position 27. 

The invCTtion also includes GRF fi:agments which, although containing a 
15 sequence that is substantially homologous to that of a naturally occurring GRF peptide, 
may lack one or more additional amino acids at their amino and/or their carboxy termini 
that are natural^ found on a GRF native pq)tide. Thus, die invention pertains to 
polypeptide fisgments of GRF that m^ lack one or more amino acids that are normally 
present in a naturally occurring GRF sequence provided that such polypeptides have 
20 growth hormone rdeasmg activity which preferably at least substantially equals that of 
GRF. 

The invention also encompasses the obvious or trivial variants of the above- 
described analogs or firagments which have inconsequential amino acid substitutions (and 
25 ttuis have amino acid sequences which differ firom that of flie natural sequence) provided 
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that such variants have growth hoimqne teleasing activity which is substantially similar to 
that of GRF. Examples of obvious or trivial substitutions include the substitution of one 
basic residue for another (i.e. Aig foriLys), the substitution of one hydrophobic residue for 
another (i.e. Leu for He), or the substitution of one aromatic residue for another (Le. Phe 
5 for Tyr), etc. Further, othra: trivial variants include analogs wherein conservative 
substitutions resulting in a substantial structural analogy of the original sequence are 
obtained. Examples of such conservative substitutions, without limitation, include 
glutamic acid fox aspartic add and vice-versa; glutamine for asparagme and vioe-versa; 
serine for Areonine and vice-versa; lysine for arginine and vice-versa; or any of 
1 0 isoleudne, valine or leucine for each other. 

A pq)tidase-5tabilized GRF derivative is more stable in the presence of 
peptidases in vivo than the corresponding non-stabilized GRF analog. The peptidase 
stability is determined by comparing the half-life of the native GRF analog in serum or 
15 blood to the half-life of the corresponding derivative containing the reactive gtoup in 
serum or blood. Half-life is determined by sampling the serum or blood after 
administration of the derivative and the non-modified peptide, and determining the 
activity of each compound. 

20 In greater details, the present mvention is directed to the modification of GRF 

and related peptides to improve its bioavailability, extend in vivo half-life and distribution 
through selective conjug^ition onto a blood compcment without substantially altering their 
remarkable therapeutic properties. 
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I 

In a more preferred embodiment, the GRF peptide sequence suitable for 
derivatization according to the present invention is of the following sequence: 
Ai-A2-Asp-A4-ne-Phe-A7-A8-A9-Tyr-Aii-Ai2-Ai3-Leu-Ai5<jh-^ 

A22-LeU-A24-A25-A26-A27-A28-A29-A30 

5 wherein, . 

Ax is Tyr, N-Ac-iy, Bfis, 3-MeHis, desNHz His, desNHz Tyr, Lys-Tyr, Lys-His or Lys-3- 
MeHis; 

A2 is Val, Leu, He, Ala, D-Ala, N-me%l-D-Ala, (N-mefliyl)-Ala, Gly, NIe ou Nval; 
AAisAlaorGly; 
10 A5 is Met or ne; 

A7 is Asn, Ser or Thr, 
Ag is Asn, Gh, Lys or Ser, 
A9 is Ala or Ser, 

A|iisAxg,D-Arg,LysorI>-Lys; , 
15 Ai2i8Lys,(N-Me)Lys,orD-Lys; 

Ai3 is Val or Leu; 

A|5 is Ala, Leu or GI7, 

A18 is Ser or Thr; 

A20 is Aig, D-Arg, Lys or D-Lys; 
2 0 A2ii5 Lys, (N-Me)Ly5, ot Asn; 

A22 is Tyr or Leu; 

A24 is Gin or His; 

A2S is Ser or Asp; 

A26 is Leu or He; 
25 A27isMet,ne,LeuarNle; 



wo 02/062844 PCT/CA02/00123 

-14- 

i 

A28 is Ser, Asn, Ala or Asp; 
A29 is Lys or Arg; and 

A30 is absent, X, or X-Lys wherein X is absent or is the sequence Ghi-Gln-Gly-Glu-Ser- 
Asn-<jIn-Glu-Arg-Gly-Ala-Arg-Ala-Arg-Leu or a ftagment fliereo£ wherein the ftagtnent 
5 is reduoed by one to fifteen amino adds from the C-tezminal; and wherein one amino acid 
residue from Ihe fragment can optionally be replaced with a lysine residue; and wfaerem 
the C-terminal can be the free carboxylic acid or the corresponding amide, 
with the proviso that if A2 is Ala, then the fragment is not a fragment reduced by S-8 
amino acids. 

10 

The invention relates to therapeutic and related uses of GRF derivatives having 
an extended half-life in vivo, particular^ for 

- increasing the level of growth hormone; 

- diagnosing gcowth hormone deficiencies, by administering to the subject the 
15 present GRF derivative analog and measuring the growth hormone response 

- treating pituitary dwarfism; 

- treating or preventing growth retardatioii; 

- accderating bone firacture repair or wound healing; 

- accelerating the recovery of bum patients or patients who underwent major 
20 suxgjeiy; 

- improving muscle strength, mobility, noaintenance of skin thickness, metabolic 
homeostasis or renal homeostasis; 

- treating or preventing congestive heart iaihire; 

- tceatiiig or preventing firaihy associated with agmg; 
25 - treating or preventing osteoporosis; 
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- treating or pre veating obesity^ 

- attenuatmg pxotein catabolic response after major smgeiy; 

- reducing cachexia and protein loss due to chronic iUness; 

- improving protein anabolism (including protein sparing efiFect); 
5 - inducing a lipolytic effect; and/or 

- iq>grading the soniatotcoph function. 

AH the above methods can be applied either to humans or animals. 

10 In addition to promoting endogenous production or release of growth homione, 

the present GKF derivatives may mcoiporate an amino add substitution at one or moie 
sites wiflrin a GKF peptide *1>ackbone", or is a variant of GRF sfpecies in which the C- 
temiinal and/or the N7temiinal has been altered by addition of one or more basic residues, 
or has been modified to incoiporate a blocking group of the type used conventionally in 

15 the art of peptide chemistry to protect peptide termini j&om undesired biochemical attack 
and degradation m Wvo. Thiis, the present GRF derivatives incorporate an amino acid 
substitution in the context of ariy GRF species, including but not Umited to human GRF, 
bovine GRF, rat GRF, porcine GRF etc., the sequences of which having been reported by 
many authors. In a more preferred eanbodiment, a lysine residue is added at the O 

20 tenninal or N-tenninaloffhe GRF peptide sequence. 

In a prei^nred embodiment, the functionality on the protein will be a thiol 
groiq> and &e reactive entity will be a maleimide or maleimido-containing group such as 
y-maleimid&-butyiylainide (GMBA), maleimidopropionic acid (MPA), (2-amino) ethoxy 
25 acetic acid (AEA>-li4PA, ethyienediamine (EDA)-MPA or [2-^-aiaino)efhoxy)]eflioxy 
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acetic acid (AEEA)-MPA and combinations thereof Examples of combinations include, 
without limitations, (AEEA-EDA)-MPA; (AEEA-AEEA)-MPA, (AEA-AEEA)-MPA 
and tbe like. 

5 Maleimide groups aie most selective for sul&ydryl groups on peptides when 

the pH of tiie reaction mixture is kept between 6.5 and 7.4. At pH 7.0, the rate of reaction 
of maleimido groups with sulfhydryls is 1000-fold faster than with amines. A stable 
thioether linkage between the maleimido group and the sulfiiydryl is formed which cannot 
be cleaved under physiological conditions. 

10 

The GRF derivatives of Ihle invention provide for specific labeling of blood 
components. Such specific labeling particularly with a maleimide, offers several 
advantages. Thiol groups are less abundant in vivo than amino groups, and as a result^ 
maleimide derivatives covalenfly bond to fewer proteins. For example, in serum albumin, 

15 ftere is only one fi:ee thiol group per molecule. Thus, a GRF - maleimide - albumin 
conjugate will tend to comprise approximately a 1 : 1 molar ratio of peptide to albumin, hi 
addition to albumin, IgG molecules (class H) also have fi»e thiols. Since IgQ molecules 
and serum albumin make up the m^'ority of soluble proteins in the blood, they also make 
up die majority of the fiee thiol groups available to covalently bond to a maleimide^ 

20 substituted GRF. 

Fuidier, even among free thiol-containing blood proteins, ^ecific labeling with 
a maleimide leads to the preferential formation of peptide maleimide-albumin conjugates, 
due to ftie unique characterisdcs of albumin itself The single fi:ee thiol group of albumin, 
25 higiily conserved among species, is located at amino acid residue Cys34. It has been 
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demonstrated recently lhat the Cys34 of albumin has an increased reactivityr relative to fiee 
thiols on other firee thiol-containing proteins. This is due in part to the very low pK value 
of 5.5 for the Cy534 of albumin. This is much lower than ^ical pK values for cystemes 
residues in general, which are typically about 8. Due to this low pK, under normal 
5 physiological conditions, Cys34 of albumin is predominantly in the ionized form, which 
dramatically increases its reactivity. In addition to die low pK value of Cys34, another 
fector which enhances the reactivity of Cy534 is its location, which is in a crevice close to 
tibe sur^e of one loop of region V of albumia This location makes Cys34 very 
accessible to ligands of all kinds, and is an importaxit fiictor in Cys34*s biological role as 
10 free radical trap and free thiol scavengpr. As a result, the reaction rate acceleration can be 
as much as 1000-fold relative to rates of reaction of peptide-maleimides with other fi?ee- 
thiol containing proteins. 

Another advantage of peptide-maleimide-albumin conjugates is the 
15 reproducibility associated with the 1 : 1 loading of peptide to albumin specifically at Cys34. 
Conventional activation techniqpies, such as with glutaraldehyde, DCC, EDC and other 
chemical activators of, for example, 'free ammes, lack this selectivity. For example, 
albmnin contains 52 lysine residues, - 25-30 of which being located on flie surfece of 
albumin and accessible for conjugatioa Activating these lysine residues* or alternatively 
20 modifying a peptide to couple througjti these lysine residues, results in a heterogeneous 
population of coiyugates. Even if an equimolar ratio peptide:albumin (i.e., 1:1) is 
employed, the end result is the production of random conjugation products, some 
containing an indelEuDite number of peptides hnksd to each molecule of albumin, and each 
conjugate having peptides randomly coupled at any one of the 25-30 available lysine sites. 
25 Consequently, characterization of flie exact composition is virtually impossible, not to 
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mention Ihe absence of lepioducibility. Additionally, while it would seem that 
conjugation tfarough fysine residues of albumin would at least have the advantage of 
delivering more tiier^utic agent per albumin moleciile, studies have shown that a 1:1 
ratio of therapeutic agent to albumin is preferred. In an article by Stehle, et al. in Anti- 
5 Cancer Drugs, 1997> 8, 677-685, which is incoiporated herem in its entirety, it is reported 
that a 1:1 ratio of the anti-cancer methotrexate to albumin conjugated via glutaraldehyde 
gave the most promising results. These conjugates were taken up by tumor cells, whereas 
conjugates bearing 5:1 to 20:1 methotxsxate molecules had altered HPLC profiles and 
were quickly taken up by the Uver in vA/a. It would tiierefore seem that at higher ratios, 
10 the conformational changes to albumin diminish its effectiveness as a carrier for a 
therapeutic agent. 

Through controlled administration of the present GRF derivative, and 
particulariy a GRF comprising a malehmde reactive entity, specific in vivo labeling or 
15 bonding of albumin and ^gO can be controned. in typical administcations, it has been 
shown that 80-90% of the administered peptide derivative bonds to albumin and less tfif^ t* 
5% bonds to Ig0. Trace bondmg of fiiee thiols present, such as ghitatinone, also occurs. 
Such specific bonding is preferred for in vivo use as it permits an accurate calculation of 
the estimated half-life of the therapeutic agent administered. 

20 

In addition to providing controlled specific in vivo bonding, maleimide- 
substituted GRF peptide can provide specific labeling of serum albumin and IgG ex vivo. 
Such ex vivo bonding mvoWes the addition of maleimide-pqrtides to blood, serum or 
saline solution containing purified blood components such as serum albumin and/or IgG. 
25 hi a pieferred formal the derivative is substituted with a maleimide, optional^ via a 
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Iinldng groTip, and it is leacted with human serum albumin in saline solution. Once 
modified ex vivo with the present GRF derivatives, the blood, serum or saline solution can 
be re-administeied to the blood for m vivo treatment 

5 Maleimide-substituted GRF peptides are generally quite stable in the presence 

of aqueous solutions and in the presence of fiee amines. Because maleimid^substitutBd 
GRF peptides react with free thiols, protective groups are not necessary to prevent them 
from reacting with themselves. In addition, the increased stability of the peptide 
derivative pecmits the use of farther purification steps such as HPLC to prepare highly 
10 purified products suitable for in vivo use. Lastly, the increased chemical stability provides 
a product with a longer shelf life. 

The desired conjugates of GRF derivatives to blood components may be 
prepared in vivo by administration of the derivatives directly to the subject, which maybe 
15 an animal or a human. The administration may be done in the form of a bolus, or 
introduced slowly over time by infusion using metered flow or the like. 

Altemately, the conjugate may also be prepared ex vivo by combining blood or 
commercially available purified blood components with the present GRF derivative, 

20 allowing covalent bonding of the GRF derivative to the fimctionaEties on blood 
ccnqKments, and then letuxning or administering the confugated blood or conjugated 
purified blood componait to the host. Moreover, the above may also be accomplished by 
first purifying an individual blood component or hmited number of components, such as 
red blood cells, immunoglobulins, seamn albumin, or the like, and combining die 

25 companent or components ex vivo with the present compound derivative. The labeled 
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blood or blood component may then be returned to the subject to provide in vivo the 
theiapeuticaDy effective conjugates. The blood also may be treated to prevent coagulation 
durmg haiidling VI vo. 

Peptide Synthesis 

ORF pq)tide8 mxy be synthesized by standard methods of solid phase peptide 
chemistry well known to any one of ordinary skill in tiie art. For example, the peptide 
may be synthesized by solid phase chemistry techniques following the procedures 
described by Steward et al. in Solid Phase Peptide Synthesis, 2nd Ed., Pierce Chemical 
Company, Rockford, 111., (1984) usmg an Applied Biosystem synthesizer. Similarly, 
peptides fragments may be synthesized and subsequendy combined or linked togeth^ to 
form a larger peptide. These synthetic peptide fragments can also be made with amino 
acid substitutions at specific locations 

For solid phase peptide synthesis, a summary of the many techniques may be 
found in Stewart et al in *'Solid Phase Peptide Synthesis'", W. H. Freeman Co. (San 
Francisco), 1963 and Meienhofer, Hormonal Proteins and P^tides, 1973. 2 46. For 
classical solution synthesis, see for example Schroder et al. in "7%e P^tide^\ volume 1 , 
Acacemic Press (New York). In ^neral, such method comprises the sequential addition 
of one or more amino acids or suitably protected amino acids to a growing peptide chain. 
Normally, either Ihe amino or caiboxyl group of the first amino acid is protected by a 
suitable protecting group. The protected or derivatized amino acid is then either attached 
to an inert solid suppcKt or utilized in solution by adding the next amino acid in the 
sequence having the complementary (amino or carbox^) group suitably protected and 
under conditions suitable for forming the amide linkage. The protecting group is then 



02/062844 PCT/CA02/00123 

-21- 

removed 6om fhis newfy added amino add residue and the next amino acid (suitably 
protected) is added, and so forth. 

After aU the desired amino acids have been linked in the proper sequence, any 
remaining protecting groups (and any solid support) are removed sequentially or 
concurrently to afford the final polypqitide. By simple modification of this general 
procedure, it is possible to add more than one amino acid at a time to a growing chain, for 
exanq>le, by coupling (under conditions which do not mcemize cfairal centers) a protected 
tripeptide with a properly protected dipeptide to form, after deprotection, a pentapeptide. 

A particularly preferred method of preparing the present GKF derivatives 
involves solid phase peptide synthesis wherein the amino acid a-N-tenninal is protected 
by an acid or base sensitive group. Such protecting groups should have flie properties of 
being stable to the conditions of peptide linkage formation while being readily removable 
without destmction of the growing peptide chain or racemization of any of the chiral 
centers contained thereiiL Examples of N-protecting groups and carboxy-protecting 
groiq)s are disclosed in Greene, "Protective Groups In Organic Synthesis," (John Wiley & 
Sons, New York pp. 152-186 (1981)), \diich is hereby incorporated by reference. 
Examples of N-protecting groups comprise, without limitation, loweralkanoyl groups 
such as formyl, acetyl C*Ac")» propionyl, pivaloyl, t-butylacetjd and the hke; olher acyl 
groups include 2-chloroacetyl, 2-bromoaoetyl, trifluoroacetyl, trichloroacetyl, phthalyl, o- 
mtrophenoxyacetyl, -chlorobutyryl, benzoyl, 4-chlorobenzoyl, 4-bromobenzoyl, 4- 
nitrobenzoyl and the like; sulfonyl groups such as benzenesulfianyl, p-toluenesulfimyl, o- 
nitrophenylsulfQn)d, 2,2,5,7,8-pentamethylchroman-6-sulfbnyl (pmc), and the Hke; 
carbamate forming groups such as t-amyioxycaibonyl, benzyloxycarbonyl, p- 
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chloiobenzyloxycarbonyl, p-me1iioxybenzylo7qrcarboiQ(l» p-nitrobenzyloxycaibonjd, 2- 
nitrobenzyloxycaibonyl, p4>K)mob«i2yloxycaii)oiiyi, 3,4KiimethoxybenzyloxycarbQnyl, 
3,5Klimefho>Q45enzyioxycaiborLyl, 2,4-dime1h!Cixybemylo3cyca^ 4- 

ethojcybenzyloxycaibonyl, 2-mtro-4,5-dimefhoxybenzyloxycaibonyl, 3,4,5- 
5 trimethaxjfljenzyloxycarbony^^ l-(p-biphenylyl)-l-methylefho;cycarbonyl, a,a-dime1hyl- 
3,S-dimethoxybenz^o?^caibonyl, faenzhydiyloxycarbonyl, t-butyloxycarbonyl (boc)» 
diisopropylmethoxycarbonyl, isopiopyloxycarbonyl, etlicx?cycaibonyl, methoxycarbonyl, 
allyioxycaxbonyl, 2^A-tricUotoethQxycarbonyl, phenoxycaiboir^ 4- 
nitropheiioxycarboiiyl, fluorenyl-9-metlioxycarbonyl, isobomyloxycarbonyl, 

10 cyclopentyloxycaiboiiyl, adamantyloxycarbanyl, cyclohexyloxycarbonyl, 

phen^fhiocarbonyl and tbe like; atylalkyl groups such as benzyl, 
biphenj^propjdoxycarbonyl, triphenylmetlLyl, benzyloTcytnethyl, 9- 
fluorenyhnetfayloxycafbonyl (Fmoc) and fhe like and silyl groups such as trimelhylsilyl 
and fhe like. Preferred a-N-protecting group axe o-nitropheoylsulfenyl; 9- 

15 fluOTenyimettiyloxycaibonyl; t-butyloxycaibonyl (boc), isobomyloxycarbonyl; 3,5- 
dimethoxybeniyloxycarbonyi; t-amyloxycarbonyl; 2-cyano-t-butyloxycarbonyl, and the 
like, 9-fluorBnyl-me1hyloxycaibonyl (Fmoc) bemg more piefened, while prefened side 
chain N-protecting groups comprise 2,2,5,7,8-pentamethylchromanr6-sulfonyl (pmc), 
nitro, p-toluenesulfonyl, 4-melhoxybenzene-sulfonyl, Cbz, Boc, and 

20 adamant^o^^caibonyl for side chain amino groups like lysine and aigmine; benzyl^ o- 
bromobenzyloxycaibonyl, 2,6-dichloiDbenzyl, isopropyl, t-butyl (t-Bu), cyclohexyl, 
cyclopenyl and acetyl (Ac) for tyrosine; t-butyl, benzyl and tetrahydropyranyl ftnr serine; 
tntyl, benzyl, Cbz, p-toluenesulfonyl -and 2,4-dinitropheDyl for histidine; fbnnyl for 
tryptophan; benzyl and t-butyl for aspirtic acid and glutamic acid; and triphenylmethyl 

25 (tiityl) for cysteine. 
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A caiboxy-protectrng group conventionally refers to a carboxylic acid 
protecting ester or amide group. Such caiboxy protecting groups are well known to those 
skilled in the art, having been extensively used in the protection of carboxyl groups in the 
5 penicillin and cq>halosporin fields as described in US 3,840,556 and 3,719,667, the 
disclosures of whidi are hereby incorporated hercin by reference. Representative caiboxy 
protecting groups comprise, without limitation, Ci-Cg loweralkyl; arylalkji such as 
phenetfayl or benzyl and substituted derivatives thereof such as alkDryben2yl or 
mtrobenzyl groups; arylalkenyl such as phen^ethenyt aiy! and substituted derivatives 

10 thereof such as 5-indanyI; dialkylaminoalkyl such as dimethylaminoethyl; 
alkanoyloxyalkyl groups such as acetoxymetfayl, butyryloxymelhyl, valeryioxymethyl, 
isobutyrylTOqroetiijd, isovaleryloxymethyl, l-(propioiryloxy>l-efh^ l-^oivaloyloxyl)-!- 
ethyl, l-methyl-l-(propionyloxy)-l-ethyl, pivaloyloxymefhyl, propionyloxymethyl; 
cycloalkanoyloxyalkyl groups such as cyclopropylcarbonjdoxymethyl, 

15 qrclobutylcarbonyloxymethyl, cyclopentylcarboiQrloxymefliji, cyclohexylcarbonyloxy- 
methyl; aroyloxya%l such as benzoyloxymethyl, benzoyloxyethyl; 
arylaDcylcarbonylo^g^allgrl such as benz^carbonyloxymetiryl, 2-benz^carbonyloxyethyl; 
alkoxycarbonylalkyl or cycloalkyloxycaibonylalkyl such as meihoxycarbonyhnethyl, 
cyclohexyloxycarbonylmethyl, 1-methoxycaibonyl-l -ethyl; alkoj^flcaibonyloxyalkyl or 

20 cycloaD^oT^arbonyloxyalkyl such as metfaoxycaiboiiyloxymethyl, t-butyloxycarbonyl- 
oxymetii)i, l-efhoxycarbonyloxy-l-eth^ l-cyclohexyloxycarbonyloxy-l-ethyl; aryloxy- 
carbonyioxyalkyl such as 2-(phenoxycarbonyloxy)ethyl, 2-(5-indanyloxycarbonyloxy)- 
ethyt alkosxyalkylcarbonyloxyalkyl such as 2-(l-meflioxy-2-me1hylpropan-2-oyloxy)- 
ettiyi; arjialkjdoxycaAonyloxyattyl such as 2-(ben25doxycaibonyloxy)ethyl; 

25 arjdalkenjdoxycarboiryloxyalkyl such as 2-(3-phenyipropen-2-yioxycaibonyioxy)eth}d; 
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alkoxycaibonylaininoaDcyl such as t-butyloxycaibonylaminomethyl^ alkylaminocarbonyl- 
aminoalkyl such as methylaminocaitx}nylamiiioinethyl; alkanoylaminoalkyl such as 
aoetylaminomethyl; heteix)cycliccaitonylo39aIkyl such as 4-inethylpiperazinyl- 
caibonyloxymelhyl; (KalkylaminocafbonylaDqrl such as dimethylaminocaibonyhnefliyl, 
dielhylaminocaibonyhnethyl; (5-(loweralkyl)-2-K)xo-13-dioxoleii-4-yl)all(yl such as (5-t- 
bu1yl-2-oxc>-13-dioxolQi-4-yl)mettiyl; and (5-phenyl-2-<»co-l,3-dioxolen-4-yl)alkyi such 
as (5-phenyl-2-oxo-l,3-dioxolen-4-yl)methyL Rjepresentative amide carboxy protecting 
groups cotiq)rise, without timitatioii, aminocaibonyl and loweialkylaminocaifoonyl 
groups. Oflfae above caiboxy-piotecting groups, lowBialkyl^cycIoalkyl or 
for example, methyl ester, ethyl ester, propyl ester, isopropyl ester, buiyl ester, sec-butyl 
ester, isobulyl ester, amyl ester, isoamyl ester, octyl ester, cyclohexyl ester, phen;^efhyl 
ester and the like or m alkanoyloxyalkyl, cycloalkanoylosgralkyl, aioyloxyalkyl or an 
aryialkylcarbonyloxyalkyl ester are preferred. Preferred amide carboxy protecting groups 
are loweralkylaminocarbonyl groups. 

In the solid phase peptide synthesis method, the a-C-tenninal amino acid is 
attached to a suitable solid siq>port or resin. Suitable solid supports useful for the above 
syn&esis are those materials that are inert to the reagents and reaction conditions of the 
stepwise condensation-dqnrotection reactions, as weU as being insoluble in the media 
used. The preferred solid support for syn&esis of a-C-temunal carboxy peptides is 4- 
hydroxymethylphenoxymefhyl-copoly(styrene-l% divinylbenzene). The preferred solid 
support for a-C-terminal amide peptides is the 4-(2*,4*-dimethoxyphe!Qd-Fmoc- 
aminom^yi)phBQ03cyracetamidoethyl resui available from Applied Biosystems (Foster 
City, Calif). The a-C-terminal amino acid is coupled to the resin by means of N,!^- 
dicyclohexylcaibodiiraide (DCQ, N.N'-diisopropjdcaibodiimide (DIG) or O- 
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bcaizotriazol-l-yl-N^,N,N'-tetrame1hylT^ (HBTU), with or 

without 4-(Bmethylaimnopyricime (DMAP), l-hydioxybenzotriazole (HOBl), 
ben2M)tcia2ol-l-ylo3cy^-tiis(dime%lainm (BOP) or 

bis(2-oxo-3-oxazolidiiiyl)phosphine chloride (BOPCl), mediated coupling for from about 
5 1 to about 24 hours at a temperature of between 10*^0 and 50°C in a solvent such as 
dichloromethane or DMF. 

When the solid support is 4-(2*,4*-dimethoxyphenyl-Fmo(>aniinomefl^)- 
phenoxy-acetamidoefhyl iesin» fte Fmoc group is cleaved with a secondary amine^ 

10 prefiaably piperidine, prior to coupling with the a-C-tenninal amino acid as described 
above. The preferred method for ooiQ>ling to flie deprotected 4-(2',4'-dimethoxypheiq^l- 
Fmoc-anunometh]i)phenoxy-dcetamidoediyl resin is 0-beDzotriazol-l-yl-N,N^JN'- 
tetramethyluroniumhexafluoro-phosphate (HBTU, 1 equiv.), diisopropyiethylamine 
(DIEA, 1 equiv.), and optionally l-hydroxybenzo1iia2X)le (HOBT, 1 equiv.), in DMP. The 

15 coupling of successive protected anlino acids can be carried out in an automatic 
polyp^tide synthesizer in a conventional manner as is well known in the art 

I 

The removal of the Fmoc protecting group from the a-N-terminal side of the 
growing peptide is accomplished conventionally, for example, by treatment with a 
20 secondary amine, preferably p^)eridine. Each protected amino acid is then introduced in 
about 3-fold molar excess, and the coupling is preferably carried out in DMF. The 
coupling ag^ is normally 0-benzotria2oI-l-yl-NJ^r,^^,^f-tettamethylurol^umh^afluo^ 
phosphate (HBTU, 1 equiv.), diisopropylefliylamme (DIEA, 1 equiv.), and optionally 1- 
hydroxybenzotriazole (HOBT, 1 equiv.). 

25 



I 
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At the end of fhe solid phase synthesis, the peptide is removed from the resin 
and deprotected» eiflxer in successive op^tions or in a single operatioa Removal of the 
polypeptide and deprotection can be accomplished conventionally in a single operation by 
treating the lesin-bound polypeptide with a cleavage xeagent comprising thioanisole, 
5 tmsopropjisilane, phenol, and trifluoioacetic acid hi cases wherein the a-C-femnnal of 
flie polypeptide is an alkylamide, the resin is cleaved by aminolysis with an alkylamine. 
Alternatively, the peptide may be removed by transesterification, e.g. with methanol, 
followed by aminolysis or by dhect tcansanudadon. The protected peptide may be 
purified at lUs point or taken to flie next stqp directly. The removal of the side chain 

10 protecting groups is accomplished using the cleavage mixture described above. The folly 
depzotected pq>tide can be purified by a sequence of chiomatDgmphic steps employing 
any or all of the followipg types: ion exchange on a weakly basic resin (acetate form); 
hydrophobic adsorption chromatography on underivatized polystyrene-divinylbenzene 
(such as Amberlite XAD^); silica g^l adsorption chromatography; ion exchange 

15 chromatography on carboxymethylcellulose; partition chromatography, e.g. on Sephadex 
LH-20™ or countetcurrent distribution; high performance liquid chromatography 
(HPLC)» especially revers&phase HPLC on octyl- or octadecylsilyl-silica bonded phase 
colunm packing. Anyone of ordinary skiU in &e art will be able to determine easily what 
would be the preferred chromatographic steps or sequences required to obtain acceptable 

20 purification of the GRF peptide. 

Molecular weights of these peptides are d^ermined using Quadrupole Electro 
Spray mass spectroscopy. 
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The synthesis process for the production of flie GRF derivatives of Ihe present 
inv^tiion will vary widely, depending upon &e nature of the various elements, i.e., the 
GRF sequence, the linking group and the reactive entity, comprised in ttie GRF 
derivative. The synlhetic procedures are selected to ensure simplicity, high yields and 
5 repetitivity, as well as to allow for a highly purified product Nonnally, the chemically 
reactive group will be coupled at tibie last stago of the synfiiesis. Specific methods for the 
production of the present GRF derivatives are described below. 

It is imperative that the chemically reactive entity be placed at a site to allow 
10 the peptide to bond to the blood component while retaining a substantial proportion, if not 
all, activity and/or beneficial effects of flie original GRF peptide. 

In a more preferred embodiment, each GRF derivative will be synthesized 
according to the following criteria: if a terminal caiboxylic group is available on the 

15 pq)tide and is not critical for ibe retention of pharmacological activity, and no other 
sensitive functional group is present on the peptide, then the carboxylic acid will be 
chosen as attachment point for the linking group-reactive entity modification. If the 
terminal carboxylic group is involved in pharmacological activity, or if no carboxylic 
acids are available^ then any other sensitive functional group not critical for the retention 

20 of phaimacologica] activity will be selected as the attachment point for the linking group- 
reactive entity modification. If several sensitive functional groups are available on a 
peptide, a combination of protectmg groups will be used in such a way that after addition 
of the linking groiqj/reactive entity and deprotection of all the protected sensitive 
fimctional groups, retention of pharmacological activity is still obtained. IF no sensitive 

25 fimctional groups are available on the peptide, synthetic efforts will allow for a 
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modification of the original peptide in such a way that retention of biological activity and 
retention of rec^tor or targ&t q)ecificity is obtained. In this case the modification should 
preferably occur at the opposite end of the peptide. 

5 The present GKF derivatives may be used alone or in combination with olher 

dmgs or pharmaceutical products to optimize their thoapeutic effects. They can be 
admhustered in a physiologically accq)table medium, e.g. deiordzed water, phosphate 
buffered saline (PBS), saline» aqueous elfaanol or other alcohol, plasma, proteinaceous 
solutions, marmitol, aqueous glucose, alcohol, vegetable oil, or the like. Other additives 
10 which may be included include buffers, where the media are generally buffered at a pH in 
the range of about 5 to 10, where the^ buffer will generally range in concentration firom 
about SO to 2S0 mM, salt, where the concentration of salt will generally range fiom about 
5 to 500 mM, physiologically acceptable stabilizers, and the like. The compositions may 
be lyophilized for convenient storage and transport 

15 

The present peptide derivatives may be administered orally, parenterally, such 
as intravascularly (TV), intraarterially (lA), mtramuscularly (M), subcutaneously (SC), or 
tibe bice. Administration may in appropriate situations be by transfusion. Ih some 
instances, where reaction of the functional group is relatively slow, administration may be 

20 oral, nasal, rectal, traosdecmal or aerosol, where the nature of tiie conjugate allows'for 
transfer to ttie vascular system. Usually a single injection will be employed although 
more than one injection may be used, if desired. The peptide derivative ntiay be 
administered by any convenient means, includiotg syringe, trocar, catheter, or the like. 
The particular manner of administratiqn will vary depending iqK>n the amount to be 

25 administered, whether a single bolus or continuous administration, or the like. Preferably, 
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the admimstration will be intravascularly, where fhe site of introduction is not critical to 
this invention, preferably at a site where there is rapid blood flow, e.g., intravenously, 
peripheral or central vein. Other routes may find use where the adnunistiatioh is coupled 
with slow release techniques or a protective maliix. The intent is that the peptides be 
5 effectively distributed in the blood, so as to be able to react with the blood components. 
The concentration of the conjugate will vary widely, generally ranging fix>m about 1 
pg^ml to 50 mg/ml. The total administered intravascularly will generally be in the range 
of about 0.1 mg/ml to about 10 mg/mL, more usually about I mg/ml to about S mg/ral. 

10 By bonding to long-lived components of the blood, such as irmnunoglobulin, 

senm albumin, red blood cells and platelets, a number of advantages ensue. The activity 
ofihe present pq>tide derivatives is extended for days, and potentiaUy up to weel^^ Only 
one administration need be given during this period of time. Greater specificity can be 
achieved, since fte active compound will be primarily bonded to large molecules, where 

15 it is less likely to be taken up intracellularly to inter^ with other physiological 
processes. 

The blood of the mammalian host may be monitored for the activity of fhe 
peptides and/or presence of the peptide derivatives. By taking a portion or sample of the 
20 blood of flie host at difEerent times, one may determine \(^ether the pq)tide has become 
bonded to fte long-lived blood components in sufBdent amount to be therapeutically 
active and, thereafier, the level of peptide in the blood. If desired, one may also determine 
to vAnoh of the blood components the peptide is covalently bonded. For specific 
malehnide-substituted peptides, it simple to calculate the half-life of serum albumin and 
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IgG. MonitDring may also take place by using assays of peptide activity^ HPLC-MS or 
antibodies directed to peptides. 

Anoliier aspect of fbis invention relates to methods for determining the 
5 concentration of the GRF peptide or . a conjugate thereof in biological samples (such as 
blood) using antibodies specific \o &6 peptides and to the use of such antibodies as a 
treatment for toxicity potentially associated with such peptides or conjugates. This is 
advantageous because the extended presence and life of the GRF derivatives in vivo in the 
patient might lead to novel problems during treatment^ including increased possibility for 

10 toxicity. The use of "anti-derivative" antibodies, either monoclonal or polyclonal, having 
specificity for particular derivativeSi can assist in mediating any such problem. The 
antibody may be generated or derived fiom a host immunized with the particular modified 
peptide, or with an nnmunogenic fiagment of the agent, or a synthesized immunogen 
corresponding to an antigenic determinant of Hie agent Preferred antibodies will have 

15 high specificity and afBnity for native, derivatized and conjugated forms of the peptide 
derivative. Such antibodies can also be labeled with enzymes, fluorochromes, or 
radiolables. 

Antibodies specific for GRF derivatives may be produced by using purified 
20 peptides for Hie roduction of derivati:^ peptide-specific antibodies. By induction of 
antibodies, it is intended not only the stimulation of an immune response by injection into 
animals, but analogous steps in the production of syntiietic antibodies or other specific 
binding molecules such as screening of recombinant immunoglobulin libraries. Both 
monoclonal and polyclonal antibodies can be produced by procedures well known in the 
25 art 
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The antibodies may also be used to monitor the presence of the derivative in 
the blood stceam* Blood and/or serum samples may be analyzed by SOS-PAGE and 
western blotting. Such techniques pemait the analysis of the blood or serum to determine 
the bonding of the GRF derivative to blood components. 

The anti-therapeutic agent antibodies may also be used to treat toxicity induced 
by administration of the GRF derivative, and may be used ex vivo or in vivo. Ex vivo 
nsediods would include immuno-dialysis treatment for toxicity employing anti-therapeutic 
agent antibodies fixed to solid supports. In vivo methods include administration of anti- 
therapeutic agent antibodies in amounts effective to induce clearance of antibody-ag^t 
complexes. 

The antibodies may be used to remove the GRF derivatives and conjugates 
lliereoj^ from a patient's blood ex vivo by contacting the blood with the antibodies under 
sterile conditions. For example, the antibodies can be fixed or otherwise immobilized on 
a column matrix and the patient* s blood can be rmoved fiom tiie patient and passed over 
the matrix. The GRF derivatives will bind to the antibodies and the blood containing a 
low concentration of the GRF derivative, then may be returned to the patient's circulatory 
system. The amount of GRF derivative removed can be controlled by adjusting the 
pressure and flow rate. Preferential removal of the GRF derivative fiom the plasma 
component of a patient's blood can be effected, for example, by the use of a 
semipenneable membrane^ or by otherwise first separating tiie plasma component fipm 
the celhilar component by ways known in die art prior to passing the plasma component 
over a matrix containing the anti-therapeutic antibodies. Alternatively the preferential 
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lemoval of derivative-conjugated blobd cells, including led blood cells, can be e^ted by 
collecting and concmtratmg the blood cells in the patient's blood and contacting &ose 
cells with fixed anti-peptide antibodies to the exclusion of the senmi componsalt of the 
patient's blood. 

5 

Hie anti-peptide antibodies can be administeied in vrvo, paxenteially, to a 
patient that has received &e GRF derivative or conjugates for treatment The antibodies 
will bind the GRF dmvative and conjugates. Once bound, the GSF derivative activity 
will be hindered if not completely blocked thereby reducing fiie biologically eflfective 
10 concentration of GRF derivative in ttie patienf s bloodstream and Tninimi7.i Tig harmfiil side 
effects. In addition, the bound antibody-^ptide complex will &cilitate clearance of the 
GRF derivative and conjugates fiom the patienf s blood stream. 

The following examples are provided to illustrate preferred embodiments of 
15 the invention, and shall by no means be construed as limiting the scope of thereof Unless 
indicated otherwise, optically active protected amino acids in the l^configuration were 
used. 

Synthesis 

20 Hie synthesis of die GRF d^ivatives was performed using an automated solid- 

phase procedure oa a Symphony''^ peptide synthesizer with manual intervention during 
the generation of the derivatives. The synthesis was performed on Fmoc-protected 
Ramagje^anude tinker resin» using Fmpc-protectedanm Coiq>lmg was achieved 

by usmg 0-benz»tria2ol-l-yl-N,NJSP,l>r-tetramethylHDX)nimn hexafluorophosphate 

25 (HBTU) and diisopropylethylamine i (DIEA) as the activator imxture m NJM- 
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dimetbylfonxiamide (DMF) solution^ Tlie Fmoc protective group was removed using 
20% piperidine/DMF, When needed, a Boc-protected amino acid was used at the N- 
teiminus in order to generate file fi:ee Na-tecminus after the peptide was cleaved fiom 
resin. All amino acids used during the synthesis possessed the L-stereochemistry unless 
5 oflierwise stated Sigmacoted glass reaction vessels were used during the synthesis. 

Example 1 

lVr-Ala-Asp-Ak-ne-Ph»-Thr-Asn-Ser-Tyr-Arg-Lys-Val-^ 
Lys-t«u-I^-<jln-Asp-Ile-Met-Ser-Arg<:;0NH2 

10 Stqi 1: Solid phase peptide synthesis was carried out on a 100 ^mole scale. The 
following protected aznino acids were sequentially added to resin: Fmoc-Arg(Pbf)-OI], 
Fmoc-Sa<tBu>OH, Fmoc-Met-OH, Fmoc-Ile-OH, Fmoc-Asp(tBu)-OH, Fmoc-Gln(Trt> 
OH, Fmoc-Leu-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc- 
Ala-OH, Fmoc-Sei(tBu)-OH, Fmoc-Leu-OH, Fmoc-Ghi(Trt)-OH, Fmoc-Gly-OH, Fmoc- 

15 Leu-OH, Fmoc-Val-OH, Fmoo.Lys(Boc)-OH, Fmoo-Axg(Pbf)-OH, Fmoo-Tyr(fBu)-OH, 
Fmoc-Ser(tBu)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-Ile- 
OH, Fmoc-Ala-OH, Fmoc-Asp(tBu>OH, Fmoc-Ala-OH, Boc-Tyr(tBu>OH. They were 
dissolved in NJ^-dimefhylformamide (DMF) and, according to the sequence, activated 
using O-benzotriazoH-yl-N, N, N*, N'-tetramethyl-uronium hexafluorophosphate 

20 (HBTU) and diisoprcq[yylethylanune (DffiA). Removal of the Fmoc protecting group was 
achieved using a solution of 20% (VA^ piperidine in N,N-dimeth)ifonnaniide (DMF) for 
20 minutes (step I). The amino group of the jSnal anmo acid was acetylated using acetic 
add activated using O-benzotriaisol-l-yl-N, N, N*, JT-tettamethyl-uronium 
hexafluoropho^hate (HBTU) and diisopropylefliylamine (DIEA). 



1 
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Stqp 2: The peptide was cleaved from the resin using 85% TFA/5% TIS/5% fluoanisole 
and 5% phenol, followed by precipitation by diy-ice cold (0-4°C) EtiO, The crude 
peptide was collected on a polyprop^ene sinteied iiumel, dried, ledissolved in a 40% 
mixture of acetonitrile in water (0.1% TFA) and lyophilized to generate the corresponding 
5 crude material used in tiie purification process. 

I 

Example 2 

Long lasting dmvative of the GRF peptide of Example 1 
TVr-AlarAsprAIa-Ife-Phe-Tfar-Asn-Ser-TVr-^ 

10 Lys-I^u-I^-Ghi-Asp-ne-Met-Ser-Arg-Lys(MPA)-C0NH2 

Step 1: This step was performed as in Exaniple 1 above, except that the first amino acid 
added to llie lesin was Fmoc-Lys(Aloc)-OH. 

Step 2: The selective deprotection of the Lys (Aloe) group was performed manually and 
accomplished by treating the resin with a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 
15 of C6H6 :CHCl3 (1:1) : 2.5% NMM (v:v): 5% AcOH (v:v) for 2 h. The resin is tiien 
washed witii CHCI3 (6x5 mL), 20% AcOH in DCM (6x5 mL), DCM (6x5 mL), and 
DMF(6x5mL). 

Step 3: The synthesis was tiien re-automated for the addition of the 3- 
maleimidopropionic acid (MPA). Between eveiy coupling, the resin was washed 3 times 

2 0 with iy;i\r-dhnethylforniamide (DMF) and 3 times with isopropanoL 

Step 4: The derivative was cleaved &om flie resin using 85% TFA/5% TIS/5% 
Ihioanisole and 5% phenol, followed by precipitation by dry-ice cold (0-4°C) EtzO. The 
crude derivatxve was collected on a polypropylene sintered fimnel, dried, redissolved m a 
40% mixture of acetonitrile in water (0.1% TFA) and lyophilized to generate tiie 

25 corresponding cmde GRF derivative used in the purification process. 
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Examples 

lVr-(D)ala-Asp-Ak-ne-Phe-Tlir-Asn^Sa:-Ty-Arg-L^ 
Aig-Lys-I^-Leu-^jM-Asp-ne-Met-SiCT-Arg^JON^^ 
5 Step 1: Solid phase peptide synthesis was earned out on a 100 ^mole scale. The 
following protected anmio acids wero sequentially added to resin following the procedure 
described in step 1 of Example 1: Fmoc-Arg(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Met- 
OH, Fmoc-ne-OH, Fmoc-Asp(tBu)-OH, Fmoc-Ghi(Trt)-OH, Fmoc-Leu-OH, Fmoc-Leu- 
OH, Fmoc-Lys(Boc>OH, Fmoo-ArgffbO-OH, Fmoc-Ala-OH, Fmoc-Ser(tBu>OH, 
10 Fmoc-Leu-OH, Fmoo-Gto(TTt)-OH, Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc-Val-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(tBu>OH, Fmoo-Ser(tBu)-OH, 
Fmoc-Asn(Trt)-OH, Fmoc.Thr(tBu><)H, Fmoc-Phe-OH, Fmoc-Ile-OH, FmooAla-OH, 
Fmoc-Asp(tBuK)H, Fmoc^p)ala-OH, Boc.Tyr(tBu)-OR 
Step 2: This stq> was performed in the samemanner as Step 2 of Example 1. 

15 

Example 4 

Lon^lasting derivative of the GRF peptide of Examples 
TyrHP)ato-Aqp.Ala-ne-Phe-Thr-Astt-Ser-iy^ 

Aig-LysnLeu-Leu-Gln-Asp-ne^Met-Ser-Aig-Lys(]!^A)-CON^ 
20 Step 1: This step was performed as in Example 3, except that the iSrst amino acid added 
to die resin was Fmoc-Lys(Aloc)-OH. 

Steps 2-4: These steps were pwfonned in the same manner as steps 2-4 of Example 2. 
Example 5 
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Tyr-(P)ala-Asp-Ak-ne-Phe-Thr-Gari-Ser-T^^ 
Arg-Lys-Leu-Leu-GIn-Asp-Ile-Leu-Ser-Arg-C0NH2 

St^ 1: Solid phase peptide srynfhesis was carried oat on a 100 (imole scale. The 
following protected amino acids were sequentially added to tern following the procedure 
5 described in step 1 of Example 1: Fmoc-ArgO?bf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Len- 
OH, Fmoc-H^ft Fmoc-Asp(tBu><)ft Fmoc-Gto(Trt)-OH, Fmoo-Leu-OH, Fmoc-Leu- 
OH, Fmoc-Lys(Boc)-OH, Fmoc-Ai:g(Pbf)-OH, Fmoc-AIa-OH, Fmoc-Set(tBu)-OH, 
Fmoc-Leu-OH. Fmo&<jhi(Trt)-OH, FhioiyAla-OH, Fmoc-Leu-OH, Fmoo-Val-OEL 
Fmoc-Ly5(Boc)-OH, Fmoc-Arg(Pbf)-OHt Fmoc-Tyr(tBu)-OH, Fmoc-Ser(tBu)-OH, 
10 Itaoo-G]]i(Trt)-OH, Fmoc-Thr(tBu)OH, Fmoc-Phe-OH, FmocBe-OH, Fmoc-Ala-OH, 
Fmoc-Asp(tBu>OH, Fmoo<D)aIa-OH, Boo-Tyr(lBu)-OH. 
Stq> 2: This step was performed in the same tnanner as Step 2 of Example 1. 

Example 6 

15 Long-lasting derivative of tiie GKF peptide of Example S 
Tyr-(D)ala-Asp.Ak-ne-Phe-Thr'<5in.Ser-TVr-Arg-Ly^ 
Arg-L)ra-Leu-I^-<jhi-Asp-ne-I^n-Ser-Arg-Lys(^ 

Stq) 1: This step was performed as in Example S, except that the first amino acid added 
to the resin was Fmoc-Lys(Aloc}-OH. 
20 Stqps 2-4: These stqis were peiformed in the same manner as steps 2-4 of Example 2. 

Example? 

Tyr-<D)ala^Asp-Ala.ne-Phe-Thr-Gln-Ser.Ty-(D)Ai^-^^ 
Ak-Arg~Lys-Leu-I^u-<jhi-Afip-ne-I^-Ser-Aig-CONH2 
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Step 1: Solid phase peptide synthesis was cairied out on a 100 pinole scale. The 
following protected amino adds were sequentially added to resin following the procedure 
described in step 1 of Example 1: Fmoc-Arg(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Len- 
OH, Fmoc-He-OH, Fmoc-Asp(tBu)-OH, Fmoc-GhiCrrt)-OH Fmoc-Leu-OH, Fmoc-Loi- 
5 OH, Fmoc-Lys(Boc)-OH, Fmoc-Aig(Pbf)-OH, Fmoc-Ala-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Lw-OH, Fmoc-Ghi(Trt)-OH, Fmoc-Ala-OH, Fmoo-Leu-OH, Fmoo-Val-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-p)Arg(Pbf)-OH, Fmoc-Tyi(tBu)-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Gln(Trt)-OH, Fmoc.Thr(<fiu)-OH, Fmoc-PheOH, Fmoc-He-OH, Fmoc-Ala-OH, 
Pmoc-Asp(tBu)-OH, Fmoe^)AlarOB[, Boc-Tyr(tBu>Oa 
10 Step 2: This step was peifonned in the same maimer as Step 2 of Example 1. 

Examples 

Long-lasting derivative of GRF peptide of Example 7 
TVr-<D)Ala-Asp-Ala-ne-Phe-Thr-Gln-Ser.TVr-(D^ 
15 Ala-Arg-Lys-Leu-I^u-Ohi-Asp-ne-L«u-Ser-Arg-Lys(MPA)-C0^ 

Step 1: This step was performed as in Example 7, except that the first amino acid added 
to the resin was Fmoc-Lys(Aloc)-OH. 

Steps 2r4: These steps were performed' in the same mamier as steps 2-4 of Example 2. 

20 Example 9 

Tyr.<D)ala-Asp-Ala-ne-Phe-Thr-GIn-Ser.Tyr-A^ 
Ser-Ak-Arg-Lys-Leu-I^-<jhi-Asp-ne^L«u-Ser-Arg-CONH2 

Stqi 1: Solid phase peptide synthesis was carried out on a 100 ^mole scale. The 
foUowing protected amino acids were sequentially added to resin fbllowmg the procedure 
25 described in step 1 of Example 1: Fmpc-Arg(Pbf)-OH, Fmoc-Ser(tBu)-OH, Fmoc^Leu- 



wo 02/062844 PCT/CA02/00123 

-38- 

OB^ Fmoo-n&OH, Fmoc-Asp(tBu)-OH, Fmoc-Ghi(Trt)-OH, Fmoc-Leu-OH, Fmoc-Leu- 
OH, Fmoc-Lys(Boo)-OH, Fmoc-Arg(Pbf)-OH Fmoc-Ala-OH Fmoc-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoo<31nCni:)-OH^ Emoc-AIa-OH, FmooLea-OH, Fmoc-Val-OH, 
Ftao<KN-Me)Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Ser(tBu)- 
5 OH, Fmoc-Glii(Trt>OH, Fmoc-Thr(tBu).OH, Fmoc-Phe-OH, Fmoc-De-OH, Fmoc- 
Ala-OH, Fmoc-Aq)(tBu)-OH, Iteo(s(P)AI&-OH, Boc-Tyt(tBu)-OH. 
Step 2: This step was perfoimed in the same maimer as Step 2 of Example 1. 

Example 10 

10 Long-lastuig derivative of the GRF peptide of Example 9 
TyiKD)ala-Asp-AIa-ne-Phe-Thr-Gln.Ser-T^^ 
Ser-Ala-Arg-Lys-I^-I^u-Gln-Asp-ne-I^a-Ser-Aig-Ly 

Step 1: This step was perfomied as in Example 9, except that the first amino acid added 
to the resin was Fmoc-Lys(Aloc)-OH. 
15 Steps 2-4: These steps were performed in the same manner as steps 2-4 of Example 2. 

Example 11 

Second long lasting derivative of the GKF peptide of Example 9 
Tyr-(P)ala-Aq)-Ak-n^Phe-Thr-Gln-Ser-TVr-Ai^ 

20 Ser-Ak-Aig-Ly&-Ixa-I^-Gh-Asp-ne-L«n-Ser-Aig<;Oh^ 

Step 1: Solid phase pq)tide synlhesis was carried out on a 100 funole scale. The 
following protected amino acids were sequentially added to resfax following the procedm^ 
described in step 1 of Example 1: Fmoc-ATg(Pbf)-OH, Fmoc-SCT(tBu)-OH. Fmoo-Len- 
OH, Fmoc-Ile^H, Fmoo-Asp(tBu>OH, Fmoc-Gki(Trt)-OH, Fmoc-Leu-OH. Fmoc-Leu- 

25 OH, Fmoc-Lys(Boc)-OH, FmoC"Arg(PbfK)H, Fmoc-AIa-OH Fmoc-Ser(fflu)-OH, 
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Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Ala-OH, Fmoc-Leu-OH, Fmoc-Val-OH, 
Fmoc-Lys(Aloc)-OH, Finoc-Arg(Pbf)-OH, Fmoc-Tyi:(fBu)-OH, Fmoc-Sei:(tBu)-OH, 
Fmoc-Gln(Trt)-OH, Fmoo-Thr(tBu)-OH, Fmoo-Phe-OH, Fmoo-Ile-OH, Fmoc-Ala-OH, 
Fmoc-Asp(tBu)-OH, Fmoo<D)Ala-pH, Boc-Tyr(tBu)-OR 
5 Stqps 2-4: These steps were perfonnpd in the same manner as steps 2-4 of Example 2. 

Example 12 ^eef GRF) 

Tyr-<D)aIa.Asp-Ak-ne-Fh&-Thr-AfflHSCT-Tyr-Arg-Ly5-^^ 
Arg-Lys-I^-I^-Gln-Asp-ne-Met-Asn-Aig-CONHa 

10 Step 1: Solid phase pq}ttde syndesis was earned out on a 100 ^mole scale. The 
following protected amino acids were sequentially added to resin following the procedure 
described in step 1 of Example 1: Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Met- 
OH, Fmoc-Ile-OH, Fmoc-Asp(tBu)-OiH, Fmoc-Ghi(Tit)-OH, Fmoc-Leu-OH, Fmoc-Leu- 
OH, Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH, Fmoo^er(tBu)-OH, 

15 Fmoc-Leu-OH, Fmoc^ln(Trt)-OH, Fmoc-GIy-OH, Fmoc-Leu-OH, Fmoo-Val-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbi5-OH, Fmoc-Tyr(tBu)-OH, Fmoo-Ser(tBu)-OH, 
Fmoc-Asn(Trt>OH, Fmoc-HnrCtBuHJH, Fmoc-Phe-OH, Fmoc-Ile-OH, Fmoc-Ala-OH, 
Fmoc-Asp(tBu)-OH, Fmoc-0>)ala-OH, Boc-Tyr(tBu)-OH. 
Step 2: This step was performed in the same manner as Step 2 of Example 1. 

20 

Example 13 

Long lasting derivative of the GRF peptide of Example 12 

Tyr-(P)ala-Asp-Ak-ne-Ph&-llir-Am-Ser-iyr-Arg-Lys-Val^ 

Arg-Lys-Leu-Leu-Ght-Asp-ne-Met.Ser-Asn-Lys(MPA)-C01^ 
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Stesp 1: This step was perfonned as in Example 12, except tbat the first amino acid added 
to the resin was Fmoo^Lys(Aloc)-OH. 

Steps 2-4: These steps were perfoimed in the same maimer as steps 2-4 of Example 2. 

5 Example 14 (Beef GRF) 

Ty-(D)ala-Asp-Ala-ne-Phe-Thr-Gln-Ser-Tyr-Arg-Lys-Val-l^^ 
Aig-Lys^I^u-Leu-G]n-Asp-Ile-Leu-Asn-Arg-CONH2 

Step I: Solid phase peptide synthesis, was carried out on a 100 (xmole scale. The 
following protected amino acids were sequentiaQy added to tesin following the procedmie 

10 described in step 1 of Exanq)le 1: Fmoc-ArgCPbf)-OH, Fmoc-AsnCrrt)-OIit Fmoo-Len- 
OH, Fmoc-Ile-OH, Fmoc-Aq)(fBu)-OH, Fmoc-Gh(Trt)-OH, Pmoc-Leu-OH, Fmoc-Leu- 
OH, Fmoc-Lys(Boc)-OH, Fmoc-Afg(Pbf)-OH, Fmoc-Ala-OH, Fmoc-Ser(tBii)-OH, 
Fmoc-Leu-OH, Fmoo-Ghi(Trt>OH, Fmoo-AIa-OH, Fmoc-Leu-OH, Fmoc-Val-OH, 
Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbfj-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Ser(tBu)-OH, 

IS Fmoc.Gln(Tit>-OH, FmoC"Thr(tBu)-OH, Fmoc-Phe-OH, Fmoc-ne-OH, Fmoc-Ala-OH, 
Fmoc-Asp(tBu)-OH, Fmoc-P)aIa-OH, Boc-Tyi(tBu)-OH. 
Stq> 2: This step was peifimned in the same manner as Step 2 of Bcample 1. 

Example 14 

20 Long lasting derivative of the GRF peptide of Example 13 
Tyr-<D)ala-Asp-Ak-ne-Phe-Thr-Gln-Ser-iy-^^^ 
AIg-Lys-I^-I^u■<}hl-Asp-^e-Ix^u-Asn-Arg-Lys(AEEA-^^ 

Step 1: This step was performed as in Example 13, except that the jfiist amino acid added 
to the resin was Fmoc-Lys(Aloc)-OH. 
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Step 2: The selective deptotectkm of die Lys (Aloe) ffcnip was perfbtmed manually and 
accomplished by treating the resin with a solution of 3 eq of Pd(PPh3)4 dissolved in 5 mL 
ofCeHe :CnCh (1:1) : 2.5% NMM (v:v): 5% AcOH (v:v) for 2 h (Step 2). The resin is 
then washed with CHCh (6x5 mL), 20% AcOH in DCM (6x5 mL), DCM (6x5 mL), 
5 andDMF(6x5mL). 

Step 3: The synfliesis was then re-automated for the addition of the Fmoc-AEEA-OH 
(Fmocnaminoethoxyetboxy acetic add). Between eveiy coiq}lin& the lesin was washed 3 
times with NJ*-<iimethylformanude pMF) and 3 times with isopropanol. After proper 
dqpiotqction, MPA (3-maleimidopropionic acid) was anchored to the AEEA spacer and 
10 again the resin was washed 3 times with NJN-dimethylfsrmamide (DMF) and 3 times 
with isopropanol. 

Step 4: The peptide was cleaved ftom the resm using 85% TFA/5% TIS/5% thioanisole 
and 5% phenol, followed by precipitatian by diy-ice cold Et20 (0-4**C). The cmde 
derivative was collected on a polypropylene sintered funnel, dried, redissolved in a 40% 
15 mixture of acetonitrile in water (0.1% TFA) and lyophilized to generate the corresponding 
crude derivative used in the purification process. 

Example 15 (Beef GRF) 
TVr-<D)ala-Asp-Ala-Ile-Phe-Thr-Gln-Ser-^ 
20 Ala-Arg-Lys-Leu-Leu-Gln-Asp-Ile-Leu-Asn-Arg-CONH2 

Step 1: Solid phase peptide synthesis was carried out on a 100 ixmole scale. The 

1 

following protected amino adds were sequentially added to resin following the procedure 
described in step 1 of Example 1: Fmoc-Aig(Pbf)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Leu- 
OH, Fmoc^De-OH, Fmoc-Asp(fBu)-OH, Fmoc-Ghi(Trt)-OH, Fmoc-Leu-OH, Fmoc-Leu- 
25 OH, Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OIi Fmoc-Ser(tBu)^H, 
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Fmoc-Leu-OH, Fmoc-<jln(Trt)-OI^ Fmoc-Ala-OB; Fmoc-Leu-OH, Fmoc-Val-OE^ 
Fmoc-LysCBoc>OH, Fmoc-(D)arg(Pbf)-OH, Fmoo-iyr(tBu)-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Gln(Trt)-OH, Fmoo-Thr(tBu)-OH, Fmoc-Ph^H, Fmoc-He-OH, Fmoc-Ala-OH, 
Finoc-Asp(fBu)-OH, FmoGh09)ala"OH, Boo-Tyr(lBu)-OH. 
5 Step2:TUsstepwaspeijB3nnedinth6sameic^^ 

Example 16 

Long lasting derivative of the GRF peptide of Example 15 
Ty-^)ala-Asp-Ak-n©-Phe-Tlff-Gln-Ser-T:y-(P)a^ 
10 Ala-Arg-Lys-I^-Leix-Gln-Asp-n^I^u-Asii-Aig-Ly^^ 

Stq) 1: This stq) was perfoimed as in Example IS, except that the first amino acid added 
to the resin was Fmoc-Lys(Aloc)-OH. 

Steps 2-4: These steps were perfonned in the same manner as steps 2-4 of Example 14. 

15 Example 17 (Beef GRF) 

Tyi^)ala-Asp-Ak-ne-Phe-Thr-Gin-Ser-Ty-Aig-((^^ 
Ser-Ala-Arg-Lys-Leu-Leu-Gln-Asp-De-Leu-Asn-Aig-CONHi 

Step 1: SoUd phase peptide syn1hesi$ was carried out on a 100 ^mole scale. The 
following protected amino acids were sequentially added to resin following the procedure 
20 described in step 1 of Example 1: Fmoc-Arg^bf)-OH, Fmoc-AsnCrrt)-OH, Fmoe-Leu- 
OH, Fmoc-ne-OH, Fmoc-Asp(tBu)-OBt Fmoc-Ghi(Txt)-OH, Fmoc-Leu-OH, Fmoc-L^- 
OH, Fmoc-Lys(Boc)"OH, Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoc-GhiCrrt)-OH, Fmoc-Ala-OH, Fmoc-Leu-OH, Fmoc-Val-OH, 
Fmoc-(N-Me)Lys(Boc)-OH, Fmoc-Arg(Pb^-OI^ Fmoc-Tyr(fflu)-OH, Fmoc-Ser(tBu)- 
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OH, Fmoc-Glii(Tit>OH, Fmoo-ThT(tBu>OH, Fmoc-Phe-OH, Fmoc-He-OH, Fmoo- 

Ala-OK^ Finoc-Asp(tBu)-OH, Fmoc-(D)ala-OH, Boc-Tyr(1fiu)-OH. 

Step 2: This step was performed in the same manner as Step 2 of Example 1. 

5 Example 18 

Long lasting derivative of the GKF peptide of Example 17 

Ty-(D)ala-Asp-Ak-ne-Phe-Thr-Gln-Ser-lVr-Arg-(^^ 

Ser-Ala-Aig-Lys-I^-I^-Gln-Asp-n6-Leu-Asn-Arg-Lys(^ 

Step 1: This step was performed as in Example 17, except that the first amino add added 
10 to the resin was Fmoc-Lys(Aloc)-OH. 

Steps 2-4: These steps were p^ormed in the same manner as steps 2-4 of Example 2. 

Example 19 

Second long lasting derivative of the GRP peptide of Example 17 
15 Tyr-^)ala-Asp-Ala-ne-Phe-Thr-GIn-Ser-Tyr-Arg-Lys(^ 
Ser-Ala-Arg-Lys-Leu-Leu-Ghi-Asp-IleTLeu-Asn-Arg-C0NH2 

Stqp 1: Solid phase peptide synthesis was canted out on a 100 jimole scale. The 
following protected amino acids were sequentially added to resin followii^ the piocedm:e 
described in st&p I of Example 1; Fmoc-Aig(Pbf)-OH, Fmoc-Asn(Trt)OH, Fmoo-Len- 

20 OH, Fmoc-ne-OH, Fmoc-Asp(tBu)-OH, Fmoc<jhi(Trt)-OH, Fmoc-Leu-OH, Fmoc-Leu- 
OH, Fmoo-Lys(Boc)-OH. Fmoc-ArgCPbf)-OH, Fmoc-Ala-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoc-Gln(Trt>OH, Fknoc-Ala-OH, Fmoc-Leu-OH, Fmoc-Val-OH, 
Fmoc-Lys(Aloc)-OH, Fmoc-Arg(Pb^OH, Fmoc-Tyr(tBu)-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Gln(Trt)-OH, Fmoc-Thr(fflu)-OH, Fmoc-Phe-OH, Fmoo-De-OH, Fmoc-Ala-OH, 

25 Fmoc.A^(1fiu)-OH, Fmoc^)ala-OH, Boc-Tyr(1fiu)-OH. 
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Steps 2-4: Tbsse steps woe paSomed in the same manner as steps 2-4 of Example 2. 

Example 20 (Salmon GRF) 
His-(D)ala-Aq)<jly-Met-Phe-Asn-Lys-Ala-Tyr-A^^ 
5 Aig-Lys-iyr-l^-H3s-Ser-I^-Met-Ala-Ly^ 

Step 1: Solid phase peptide synthesis was carried out on a 100 jimole scale. The 
following profBcted amino acids were sequentially added to lesin following the procedure 
described in step 1 of Example 1: Fmoc-Lys(Boc>OH, Fmoc-Ala-OH, Fmoc-Met-OH, 
Fmoc-Leu-OH, Fmoc-Ser(tBu)-OH, Fmoc-His(Trt>OH, Fmoc-Leu-OH, Fmoc-Tyr(tBu)- 

10 OH, Fmoc-Lys(Boc)-OH, Fmoo-Arg(Pbf)-OH, Fmoc-Ala-OEt Fmoc-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc-Ala-OH 
Fmoc-Lys(Boc)-OH, Fmoc-Arg(Pbf)-QH, Fmoc-Tyr(tBu)-OH, Fmoc-Ala-OH, Fmoc- 
LysOBoc)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Phe-OH, Fmoc-Met-OH; Fmoc-(31y-OH, 
Fmoc-Asp(tiBu)OIi Fmo&<D)ala-OH, Boc-His(Boc>OH. 

15 Stq> 2: This step was peifomied in the same manner as Step 2 of ]&cample 1 . 

Example 21 

Long lasting derivative of the GBF peptide of Example 20 
His-<D)ala-Asp-Gly-Met-Phe-Asn-L)«-Ato-T>r-Aig-Ly^^ 
20 Aig-Lys-Ty-Leu-His-Ser-Leu-Met-Ak-Lys(AEEA-^ 
Step 1: This step was performed as in Example 20. 

Steps 2-4: These steps weie performed in the same manner as steps 2r4 of Example 14, 

Example 22 (Salmon GRF) 
25 Second long lasting derivative of the GSF peptide of Example 20 
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His-(D)aIa-Asp-Gly-Met-Phc^Asn-L)^Ala-T^^ 
Ser-Ak-Arg-Lys-Tyr-Leu-His-Ser-I^-Met-Ak-Ly^ 

Step 1: Solid phase peptide synthesis was carried out on a 100 ^mole scale. The 
following protected amino acids were sequentially added to resin following the proceduie 
5 described in step 1 of Example 1: Fmoc-Lys(Boc)-OH, Fmoc-Ala-OH, Fmoc-Met-OH, 
Fmoc-Leu-OH, FmoC"Ser(tBu)-OH, Fmoc-His(TTt)-OH, Fmoc-Leu-OH, Fmoc-.Tyr(tBu)- 
OH, Fmoc-Lys(Boc>OEt Fmoo-Arg(PbQ-OH, Fmoc-Ala^OH, Fmoc-Ser(tBu>OH, 
Fmoo-Leu-OH, Fmoc-Gln(Trt)-OH, i Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc-Ala-OH, 
Fmoc-Lys(ALoc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Ala-OH, Fmoc- 
10 Lys(Boc)-OEt Fmoc.Asn(TrtK>H, Fmoc-Phe-OH, Fmoc-Met-OH, Fmoc-Gly-OH, 
Fmoc-Asp(tBu)-OH, Fmoc-(D)ala-OH, Boc-His(Boc)-OH. 
Steps 2-4: These steps were performed in the same manner as steps 2-4 of Example 2. 

Example 23 (Chicken GRE) 
15 His-(D)ala-Asp<}ly-ne-Phe-Ser-Lys-Ala-Tyr-Arg-Lys-I^^ 
Aig-Asn-iy-I^u-His-Ser-Leu-Met-Ala-Lys-CONHa 

Step 1: Solid phase peptide synthesis was carried out on a 100 ^mole scale. The 
following protected amino acids were sequentially added to resin following the procedure 
described in step 1 of Example 1: Fmoc-Lys(Boc)-OH, Fmoc-Ala-OH, Fmoc-Met-OH, 

20 Fmoc-Leu-OH, Fmoc-Ser(tBu>-OH, Fnloc-His(TTt)-OH, Fmoc-Leu-OH, Fmoc-Tyr(tBu)- 
OH, Fmoc-Asn(Trt)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-AIa-OH, Fmoo-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoc-Ghi(Trt>OH, Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc-Leu-OH, 
Fmoc^Lys(Boc)-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Tyr(tBu)-OH, Fmoc-Ala-OH, Fmoc- 
Lys(Boc)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Phe-OH, Fmoc-Ile-OH, Fmoc-Gly-OH, Fmoc- 

25 Asp(tBu)-OH, Fmoc-(D)ala-OH, Boc-His(Boc)-OH. 
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Step 2: This step was perfoimed in the same manner as Step 2 of Example 1. 
Example 24 

Iiong lasting derivative of the 6RF peptide of Example 23 

5 Hi&^)ala-Asp-Gly-ne-Phe^er-L)^Ala-Ty-Aig-^ 
Aig-Asn-Ty-I^u-His-Ser-I^u-Met-Ala-Lys(AEEA^ 
Step 1: This step was peifomied as in Example 23. 

Steps 2-4: Hiese steps weie pecfermed in tbe same manner as steps 2-4 of Example 14. 

10 Example 25 

Second long lasting derivative of the GRF peptide of Example 23 

His-(D)ala-Asp-Gly-ne-Phe-Ser-Lys-Ala-T)T-Aig-Lys^ 
Ser-Ak"Arg-Asn-T^-Leu-ffis-Ser-I^u-Met-Ak-L^ 

Step 1: Solid phase peptide synthesis was carried out on a 100 jimole scale. The 
15 following protected amino adds were sequentially added to lesin following the procedme 
described in step 1 of Example 1: Fmoc-Lys(Boc)-OH, Fmoc-Ala-OH, Fmoc-Met-OH, 
Fmoc-Leu-OH, Fmoc-Ser(tBu)-OH, Fmoc-His(Trt)-OH, Fmoc-Leu-OH, Fmoc-Tyr(tBu)- 
OH, Fmoc-Asn(Trt>OH, Fmoc-Arg(Pbf)-OH, Fmoc-Ala-OH, Fmoc-Ser(tBu)-OH, 
Fmoc-Leu-OH, Fmoc-Ghi(Trt>OH, Fmoc-Gly-OH, Fmoc-Leu-OH, Fmoc-Leu-OH, 
20 Emoc-Lys(AJoc>-OH, Fmoc-Arg(Pbi)-OH, Fmoc.Tyr(tBu)-OH, Fmoc-Ala-OH, Fmoc- 
Lys(Boc)-OH, Fmoc-Ser(tBu)-OH, Fmoc-Phe-OH, Fmoc-II&OH, Fmoc-Gly-OH, Fmoc- 
Asp(tBu)-OH, Fmoc-p)ala-OH, Boc-His(Boc)-OH. 

Steps 2-4: These steps were performed in the same manner as steps 2-4 of Example 2, 
25 Example 26 
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Second long lasting derivative of the GSF peptide of Example 1 

(N-MPA>Ty-Ak-Asp-Ala-ne-Phe-Thr-Aat-Ser-T^^ 
Ser-Ala-Aig-Lys-Leu-I^u-<jln-Asp-ne-Met-Ser-Arg-C0NH2 

Step 1: This step was perfotmed as in Example 1 above, except lhat the last component 
5 (MPA) is added to the lesin at the end of the synthesis. 

Stqi 2: The derivative was cleaved fipom the resin using 85% TFA/5% TIS/5% 
thioanisole and 5% phsaoU followed by precipitation by dry-ice cold (0-4°C) Et20. The 
crude derivative was coHected on a polypropylene sintered fimnel, dried, redissolved in a 
40% mixture of acetonitrile in water (0.1% TFA) and lyophilized to gpnerate the 
10 corresponding crude GRF derivative used in the purification process. 

Example 27 

Third long lasting derivative of the GItF peptide of Example 1 

(N-AEEA-MPA)-Tyr-Ak-Asp-Ala-ne-Phe-Thr-Asn-Ser-Tyr-^^ 
1 5 Leu-Ser-Ala-Arg-Lys-Leu-I^u<ihi-Asp-ne-Met-Ser-Arg<;0]S^ 

Step 1: This st^ was performed as in Example 1 above, except that the second last 
component is Fmoc-AEEA, and die last component is (MPA). 
Step 2: This step is the same as step 2 of Exatnple 26. 

2 0 Purification procedure: 

Each compound was purified by preparative reversed phase HPLC, usmg a 
Varian (Dynamax) preparative binary HPLC system. The purification was perfbrmed 
using a Phenomenex Luna 10 phenyl-hexyl, 50 mm x 250 mm column ( particules lOji) 
equihT)rated with a watet/TFA mixture (0.1% TFA in HiO (solvent A) and 

25 acetonitrile/TFA (0.1% TFA in CSijfJti (solvent B). Elution was achieved at 50 mLfxnin 
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by lunning a 28-38 % B gradient over 180 min. Fractions ccmtainiiig pqptide were 
detected by UV absoi1)aiu» (Varian Dlynamax UVD 

I 

The fiactions were collected in 25 xnL aliquots. Those containing the desired 
5 product were identified by niass detection after diiect inject!^ The selected 

fractions were subsequently analyzjed by analytical HPLC (20-60 % B over 20 min; 
Phenomenex Luna S \i phenyl-hexyl, 10 mm x 2S0 mm column, O.S mUmin) to identify 
fiactions with > 90% purity for pooliiig. The pool was fieeze-dried using liquid nitrogen 
and subsequently lyophilized for at least 2 days to yield a white powder. 
10 ! 

i 

In results 

The potency of some of the present GKF derivatives was assessed as their 
ability to significantly increase GH secretion in a rat primary anterior pituitary cell culture 
assay. Fresh rat primaiy pituitary cells were ejq)0sed to various concentrations of the 
15 compounds for four hours and OH leyels in the culture media were determined using a 
commercially available RIA kit fiom Linco Research (MO). 

Methodology 

Whole pituitaries were renaoved from anesthetized normal Sprague-Dawley 
20 rats and directly collected into fiesh culture media containing fungizone and gentamicin 
sulfate. Cells were prepared for primaiy cell culture within one-hour post-pituitary 
collection, iodividual pituitaries were minced and tissue fragments were digested with 
trypsin with continuous gende agitation. Tissues pieces were mechanically disrupted 
uising a Pasteur pipette and incubated for an additional 15 minutes. Cells were triturated, 
25 washed twice and seeded in 24 well-plates containing fiiesh media. After 72 hours of 
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cultuTB, cells were washed twice with sexum-fiee media and then incubated with or 
without a GRF analog or derivative &r four hours. After incubation, supematants were 
collected and assayed for quantitative determination of rat growth hormone by 
nidioimmimoassay (kit from Linco Research, MO). 

5 

As it can be seen in the Figures, the results show that all the present GRF 
derivatives were able to stimulate GH secretion at concentrations ranging between 1 0*^ to 
10'^^ M. The index of stimulation was comparable to that obtained with commercial 
GRF(l-29) and D-Ala-GRF(l-29) (both from Polypeptide Laboratories, California). 

10 

In vivo results 

The in vivo potraicy of the present GRF derivatives was assessed as their ability 
to significantly increase GH secretion in fbeely moving animals. The con^unds were 
administered subcutaneously as bolus injection (1 |Ltmol/kg) to catheterized normal 
15 Sprague-Dawley rats. Serial blood samples were taken to measure acute GH release 
following compound administration. 



Methodolofi^ 

Catheterized 7-8 week-old itnale Sprague-Dawley rats were fitted with a rat 
20 harness at least 5 days prior to experimentation to avoid stress. Experimentation onset 
was only between 9 AM and 11 AM. Each treatment group consisted of 8 rats. The 
con^unds were administered once by a subcutaneous injection in the dorso-lombar area. 
Serial blood samples w^ tak^ pre-dose, and at 5, 10, 15, 20, 30 and 60 minutes post- 
injection. Plasma were harvested and samples sent directly to Linco Research (MO) for 
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GH determination by radioimmunoassay. Statistical detenninations (t-TEST) were 
performed using McroSoft ExceF^ software. 

As in can be seen in the Figures, all Ihe preset GRF derivatives were able to 
5 induce GH secretion in a normal rat model 

Pharmacokinetic studies 

Pharmacokinetic studies were carried out on the compounds of Examples S 
and 6. Each compound was injected subcutaneously (1 pmol/kg) or intravenously (100 

10 nmol/kg) to male Spragu^-Dawley rats. Serial blood samples were taken at pre-dose, 5, 
30 and 60 minutes and 2, 4, 8> 24, 48» 72 and 96 hours post-agent administration. Plasma 
were harvested and fbozen until analysis by radioiromunoassay (RIA). A commercial 
polyclonal antibocfy raised against human native GRF (1-29) was used to detect die 
compounds. The assay sensitivity was 300 to 10 000 pJVL Consequently, some samples 

IS had to be diluted for analysis. The results of the pharmacokinetic profiles appear in 
Figure 9. As it can be seen, the conqjound of Example 5, i.e., the native peptide, 
disappears very rapidly. In feet, flie compound of Example 5, whether administered 
subcutaneously or inliasvenously, could not be detected after 60 minutes post 
administratioiL This is consistent wi& results in Sprague-Dawley rats reported in the 

20 literature ftw: GRF (1-29) and other analogues thereof, regarding the terminal half-life 
thereof and the percentage of bioavailability (SC/N) (see for example Peptides, 9:207- 
209, and J. Endocr, 107:R5.R8. ' 
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On the other hand, the compound of Example 6, which is the native peptide of 
Example S derivatized in accordance with the piesent invention, lemains detectable after 
96 hours. Additional data is present in the Table 2 below. 

5 ^ Table 2 



Phaimacoldnetic parameters for the compound of Example 6 



Faiametets 


Subcutaneous 
adnimistratioii 


Jhttavenous administratiQn 


k 


0.027 


0.037 


Tenmnal half-fife (houis) 


25.8 ±2.1 


18.7 ±1.4 


AUC(nMxh) 


; 8864.S 


23277.5 


% bioavaaability (SC/TV) 


3.8 


N/A 



While the invention has been described in connection with specific 
embodiments thereol^ it will be understood Ifaat it is capable of further modifications, and 
10 this application is intended to cover any variations, uses or adaptations of the invention 
foUowing, in graeial, the principles of the invention, and including such depaituxes fiom 
tile piesent desc]:q)tion as come wi&in Imown or customary pmctice within the art to 
which the invention pertains, and as may be applied to the essential features herembefore 
set forth, and as fi)llows ra the scope of flie appended claims. 

15 
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WHAT IS CLAIMED IS; 

1 . A giowtli hoimone releasing &ctot derivative comprisiiig: 

- a peptide having growth hormone production or releasing activitj^, and 

- a reactive entity coupled to the pq>tide, 

5 the derivative being capable of covalentiy bonding in vivo or in vitro with a functionality 
on a blood component 

2. A derivative as claimed in claim 1 wherein the peptide conqmses human GKP» 
bovine GRF, chicken GRF, salmon GRF, and porcine QRF. 

10 

3. A derivative as claimed in claim 2 wherein the pqptide conq)rises a GRF 
sequence as follows: 

Ai-A2-Asp-A4-ne-Phe-ArAa-A9-iy-Au-Ai2-Ai3-I^u-Ai5-GIn-Leu-Ai8-Ala-^ 
A22-Leu-A24-A2rAa6-A2rA28-Aa9-A30 
15 wherein, 

Ai is Tyr, N-Ac-Tyr, His, 3-MeHis, desNHz His, desNHz IVr, Lys-Tyr, Lys-Ifis or Lys-3- 
MeHis; 

Az is Val, Leu, He, i\la, I>-Ala, N-methyl-I>-Ala, (N-mettiyl)Ala, Gly, Nle ou Nval; 

AiisAlaorGly, 
20 AsisMetorUe; 

Av is Asn, Ser or Thr, 

As is Asn, Gin, Lys or Ser, 

A9 is Ala or Sen 

Ai 1 is Arg, D-Arg, Lys or D-Lys; 
25 A12 is Lys, (N-Me)Lys, Lys or D-Lys; 
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Ai3 is Valor Leu; 

I 

Ai5 is Ala, Leu or Qty; 
AiaisSerorThr, 
A20 is Ar& D-Aig, LysorD-Lys; 
5 Aiiis LySj (N-Me)Lys, or Asn; 
A22 is Tyrol Leu; 
A24 is Gin or His; 
A2sisSerorAsp; 
A26 is Leu or He; 
10 A27isMe1;Ile,LeuorNle; 

A28 is Ser, Asn, Ala or A^; \ 
A29 is Lys or Aig; and 

A30 is abseni; X, or X-Lys herein X is absent or is the sequence Ghi-Gln-Gly-Glu-Ser- 
Asn-Gln-Glu-Aig-Gfy-Ala-Arg-Ala-Arg-Leu or a fragment thereof, wherein the fiagment 
15 is reduced by one to fifteen amino acids fiom the C-tenninal; and wherein one amino acid 
residue fiom the fragment can optionally be replaced with a lysine residue; and wherem 
the C-tBiminal can be the fiee caiboxylic add or the corresponding amide, 
with the proviso that if A2 is Ala, then the fiagment is not a fragment reduced by 5-8 
amino acids. 

20 ; 

4. A derivative as claimed in claim 3 wherein A30 is X-Lys, and wherein X is 

absent 



5. A derivative as claimed in claim 4 wherein A2 is D-Ala. 



25 
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6. A derivative as claimed in claim 3 wheiein Ais is Ala. 

7. A derivative as claimed in claim 3 wherein Aj is D-Ala, As is Gin, A15 is Ala, 
A27 is Leu, Aao isX-Lys, and X is absent. 

5 

8. A derivative as claimed in claim 3 whexein the GRF sequence is selected firom 
flie group consisting o£ 

Ty-Ala-Asp-Ak-ne-Phe-Thr-Asn-5er-Tyr-Aig-Ly^ 

Lys-Leu-Leu-Gln-Asp-ne-Met-Ser-Arg-C0NH2; 
10 Tyr-(D)ala-Asp-Ak-ne-Phe-Thr-A5n-5er-iy-^^ 

Axg-Lys-Leu-I^<jln-Asp-ne-Met-5CT-Aig-CONH 

TjT-<D)ala-Asp-Ala-ne-Ph©-Thr-Gln-Ser-iy-i^^ 

Arg-Lys-Leu-I^u-<31n-Aap-ne-I^u-5er-Aig-<X)NH2; 

Tyr-<D)ala-Asp-Ala-ne-Phe-Thr<j^^ 
15 Ala-A^g-Lys-I^-I^U'<}ln-Aq)-^e-I^u•5er-Arg^;)0^ffl^ 

TVr<D)ala.Asp-Ak-ne^Ph&.Thr-<Jln-Ser-Tyr-A^^^ 

Ser-Ala-Aig-Lys-I^u-I^-<jlnrAsp-ne-Leu-SerrAi^ 

Tyr-(D)ala-Asp-Ala-ne-Phe-Thr-Asn-Ser-T}T-Aig-Lys-Val-^ 

Arg-Lys-Ixu-Leu-Gln-Aqp-ne-Met-Asn-Aig-CONHi; 
2 0 Tyr<D)ala-Asp-Ala-ne-Phe-Thr-<jln-Ser-Tyr-^^ 

Arg-Ly5-Leu-I^-Gln-A5p-ne-I^u-Am-Arg-<:0N^ 

Tyr<D)ala-Asp-Ala-ne-Phe-Thr-Gln-Ser-TVr-<D)^ 

Arg-Lys-L^-I^-<jln-A^-ne-I^u-Am-Arg<X)NH2; 

Tyr-<D)ala-Asp-Ak-ne-Phe-Tk-Gln-5a:-T5T-Arg^^ 
25 Ser-Ak-Aig-Lys-I^u-I^-<jln-Asp-ne-r^u-Asn-Aig-€0 
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His-(D)ala-Asp-Gly^Met-Phe-Asa-L)^Ak-Tyr-Ais-Lys-Ab4^ 

i 
1 

Arg-Lys-Ty-I^-His-Ser-l^rMet-Ah-Lys-CO>^^ and 
His-(D)ala-Asp-Gly-ne-Phe-Ser-Lys-iAk-TjT-Arg 
A2g-Asn-iy-I^u-His-5er-I^u-Met->^^ 
5 each GRF sequence optionally comprising a lysine residue at the N-terminal or C- 

tenninal; and wheiein the reactive entity is a maleimido-containing group. 

1 

9. A derivative as claimed in claim 8 wherein the GRF sequence comprises an 
additional lysine residue at the C-tenninal. 

10 

10. A derivative as claimed in claim 1 selected firom the group consisting of: 
Tyr-Ala-Aq)-Ab-ne-Phe-Thr-Asn-SCT-Tyr-Arg-^^ 
Ly5-I^-Leu-^hi-Asp-ne-Met-Ser-Ajrg-Lys(MPA>^ 
Ty-(D)ala-Asp-Ala-Ee-Phe-Thr-Asn^Ser-Tyr-A^^^ 

15 Arg-Lys-I^u-I^u-Ghi-Asp-ne-Met-5pr-Arg-Lys(MPA>^ 

Tyr-^)ala-Asp-Alarne^Phe-Thr<}hi-^;er-Ty^ 

Arg-Lys-I^-I^-<jhi-Asp-ne-I^-Ser-Arg-Lys(]V^ 

Tyr-(D)Ak-Asp-Ala-ne-Phe-Thr-<3hi-Ser-Tyr-(D)^ 

Ak-Aig-Lys-I^-I^-<jhi-Asp-ne-LCT-5»-Aig-^^ 
2 0 iyr-<D)da-Asp-Ala-neKPhe-Thr-<jhi-^ 

SCT-Ala-Aig-Lys-I^u-Leu-Ghi-Asp-ne-I^u-^er-A^^ 

Tyr-OD)ak-Asp-Alarne-Phe-Thr-<jhi-^er-Tyr-Arg-Lys 

Ak-Arg-Lys-Leu-I^-Ghi-Asp-ne-I^-Ser-Aig-C0NH2; 

Ty-(D)ak-Aq)-Ala~ne-Phe-Tljr-AsnjSer-Tyr-Arg 
25 Arg-Lys-Leu-I^-Gln-Asp-ne-Met-SCT-Asn-Lys(N^ 
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Tyr-(D)ala-Asp-Ala-ne-Phe-llir-Gh-S€a:-Tyr-^ 

Aig-L3ra-Leu-Leu-Glii-Asp-ne-I^-Asn-Arg-Lys(AEEA-N^ 

TjT-<D)ala-Asp-Ala-Ile-Phe-Thr-Gta-Ser-Tyr 

AjB-Lys-i:^u-I^u-Gh-Asp-ne-I^-Asn-Aig-Lys(AEEA-MPA^ 
5 T)T-(D)ak-Asp-Ala-n&-Phe-Thr-GIn-Ser-T}T-A^^ 

Ser-Ala-Arg-Lys-I^-Leu<jln-Asp-ne-I^u-Asn-Arg-Lys(W 

T)a-(P)ak-Asp-Ak-ne-Phe-TTir^ln;Ser-T^^ 

Ak-Aig-Lys-I^-I^-^jln-Asp-ne-Ixu-Asn-Aig-C^ 

His-(D)ala-Asp<}ly-Met-Phe-Asn-L)^Ala-Tyr-Arg-Lj«-Ala- 
10 Atg-Lys-iyr-I^-His-Ser-I^-Met-Ala-LysC 

His-<D)ala-Asp-Gly-Met-Phe-Asn-Lys-Ala-Ty.A^^ 

Ser-Ala-Arg-Lys-Tyr-Leu-His-Ser-I^-Met-Ala-L>^<^^ 

His-(D)ala-Asp-Gly-ne-Phe-Ser-Lys-Ah-iy-A^ 

AiB-Asn-iyr-Leu-His-Ser-Leu-Met-Ala-L^^ 
15 His-(D)ala-Asp<}ly.ne-Phe-Ser-Lys-Ak-Tyr-Arg-L>^^ 

Ak-Aig-Am-iy-I^-Hi^er-I^-Met-Ala-Lys<;0^ 

(N-MPA^Ty-Ala-Asp-Ala-De-Phe-thr-Asn-Ser-^^ 

Ser-Ala-Ai:g-L)«-Ixu-I^u-Gln-Aq)-ne-Met-Ser-Arg and 

(N-AEEA-MPA)-Tyr-Ala-Asp-AIa-n6-Phe-Th^^ 
20 I^-^er-Ak-Aig-Ly^I^u-I^^Jln-Asp-De-Met-^^ 



1 1. A derivative as claimed in claim 3 wheiein the blood conqx}neat comprises 
blood proteins. 
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12. A phannaceutical composition comprising a GRF derivative as claimed in 
claim 3 in combination with a pbarmaceudcally acceptable carrier. . 

13. A composition as claimed in claim 12 for ike promotion of endogenous GH 
5 production or release in a subject 

Ji 

14. A composition as claimed in claim 12 for treating or preveating diseases or 
conditions resulting fiom GH production abnormalities. 

10 15. A method of promoting the endogenous production or release of GH in a 

subject comprising administering to'a subject an effective amount of a derivative as 
claimed in claim 3, alone or in combination with a phannaceutical carrier. 

16. A method for treating or preventing diseases or conditions resulting fiom GH 
15 production abnormalities, comprising administering to a subject an effective amount of a 

derivative as claimed in claim 3, alone or in combination wrfii a pharmaceutical carrier. 

17. A conjugate comprising a, derivative as claimed in claim 3 covalenfly bonded 

I 

to a blood component 

20 

18. A method for extending tiie in vivo half-lifo of a peptide having growdi 
hormone releasing activity, die method comprising covalentty bonding the peptide to a 
blood coinpon^t 
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19. A method for treatbag or preventing diseases or conditions resulting from GH 
production abnomialities, comprising administering to a subject an effective amount of a 
conjugate as claimed in claim 17, alone or in combination with a pharmaceutical carrier. 
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